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© (54) Title: METHOD OF IDENTIFYING TOXIC AGENTS USING DIFFERENTIAL GENE EXPRESSION 

O 

(57) Abstract: Disclosed are methods of identifying toxic agents, e.g., cardiotoxic agents, using differential gene expression. Also 
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METHOD OF IDENTIFYING TOXIC AGENTS USING DIFFERENTIAL 

GENE EXPRESSION 

Field of the Invention 

The invention relates generally to the identification of cardiotoxic agents in heart tissue 
5 using differential gene expression. 

Background of the Invention 

An unfortunate drawback associated with otherwise promising drugs is that they induce 
unwanted side effects as well as their intended therapeutic effects. Often, these side effects do 
not become apparent until the drug has entered, or even completed, clinical trials. For example, 
10 the serotonin reuptake inhibitors, dexfenfluramine (Redux) and fenfluramine (Pondimin), have 
been recently used to treat obesity. In spite of their demonstrated effectiveness as anorectic 
agents, significant side affects have been associated with these compounds. In particular, it has 
been reported to result in valvular heart disease in a subset of patients to which they are 
administered. 

1 5 Cardiotoxicity associated with administration of dexfenfluramine and fenfluramine can 

range from pulmonary hypertension, valvular heart disease and death. Clinical manifestation can 
include shortness of breath, fatigue, swelling of the feet, chest pain and heart murmur. 
Histopathologic findings included plaque-like encasement of the leaflets and chordal structures 
with a "stuck-on" appearance and intact valve architecture. In addition, valve features are 

20 identical to those seen in ergotamine toxicity or carcinoid disease. 

Summary of the Invention 

The invention is based in part on the discovery that certain nucleic acids are differentially 
expressed in cardiac tissue of animals treated with cardiotoxic serotonin modulators (e.g., 
dexfenfluramine fenfluramine and dihydroergotamine) compared with non-cardiotoxic serotonin 
25 modulators (e.g., fluoxetine, sibutamine, and sumatriptan). These differentially expressed 
nucleic acids include novel sequences and nucleic acids sequences that, while previously 
described, have not heretofore been identified as serotonin modulator responsive. 

In various aspects, the invention includes methods of method of screening a test agent for 
toxicity, e.g., cardiotoxicity. For example, in one aspect, the invention provides a method of 
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identifying a cardiotoxic agent by providing a test cell population comprising a cell capable of 
expressing one or more nucleic acids sequences responsive to serotonin modulators, contacting 
the test cell population with the test agent and comparing the expression of the nucleic acids 
sequences in the test cell population to the expression of the nucleic acids sequences in a 
5 reference cell population not treated with a serotonin modulator An alteration in expression of 
the nucleic acids sequences in the test cell population compared to the expression of the gene in 
the reference cell population indicates that the test agent is cardiotoxic. 

In an another aspect, the invention provides a method of assessing the cardiotoxicity of a 
test agent in a subject. The method includes providing from the subject a cell population 

1 0 comprising a cell capable of expressing one or more dexfenfluramine and fenfluramine 

responsive genes, and comparing the expression of the nucleic acids sequences to the expression 
of the nucleic acids sequences in a reference cell population that includes cells from a subject 
whose exposure status to a cardiotoxic agent is known. An alteration in expression of the in the 
test cell population compared to the expression of the nucleic acids sequences in the reference 

1 5 cell population indicates the cardiotoxicity of the test agent in the subject. 

In further aspect, the invention provides a method of screening a test agent serotonin 
modulating activity. For example, in one aspect, the invention provides a method of identifying 
a serotonin modulating agent by providing a test cell population comprisinjg a cell capable of 
expressing one or more nucleic acids sequences responsive to serotonin modulators, contacting 

20 the test cell population with the test agent and comparing the expression of the nucleic acids 
sequences in the test cell population to the expression of the nucleic acids sequences in a 
reference cell population not treated with a serotonin modulators.. An alteration in expression of 
the nucleic acids sequences in the test cell population compared to the expression of the gene in 
the reference cell population indicates that the test agent is a serotonin modulator. 

25 Also provided are novel nucleic acids, as well as their encoded polypeptides, whose 

expression is responsive to the effects of serotonin modulators. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Although methods and materials similar or equivalent to those described herein can be 
30 used in the practice or testing of the present invention, suitable methods and materials are 

described below. All publications, patent applications, patents, and other references mentioned 
herein are incorporated by reference in their entirety. In the case of conflict, the present 
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specification, including definitions, will control. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent from the following 
detailed description and claims. 

5 Detailed Description of the Invention 

The present invention is based in part on the discovery of changes in expression patterns 
of multiple nucleic acid sequences in rodent heart cells following exposure to serotonin 
modulating agents. The serotin modulating agents included the serotoin uptake inhibitors, 
dexfenfluramine, fenfluramine, fluxetine, sibutamine; the selective serotonin receptor agonist, 
10 sumatriptan; and the non-selective serotonergic agonist dihydroergotamine. 

The differentially expressed nucleic acids were identified by administering the LD ]0 dose 
of each serotin modulating agent to 12 week old male Sprague Dawley rats for three days. 
Control animals received sterile water or canola oil. The animals were sacrificed 24 hours 
following the last dose. Liver tissue was dissected from the animals, and total RNA was 
1 5 recovered from the dissected tissue. cDN A was prepared and the resulting samples were 

processed through using GENECALLING™ differential expression analysis as described in U. S. 
Patent No. 5,87 1,697 and in Shimkets et al., Nature Biotechnology 17:798-803 (1999). The 
contents of these patents and publications are incorporated herein by reference in their entirety. 

Thousands of gene fragments were initially found to be differentially expressed in rat 
20 heart tissue in response to serotonin modulating agents in. Genes fragments whose expression 
levels were modulated greater than ± 1 .5-fold were selected for further analysis. 

A summary of the sequences analyzed are presented in Table 1 . Column 6 of Table 1, 
entitled "Function", lists the type of classification assigned for the protein, based on its function. 
The 210 single nucleic acid sequences identified herein, are referred to herein as CARDIOTOX 
25 1-210. 

Differential expression of CARDIOTOX 1-139 gene fragments was confirmed using a 
unlabeled oligonucleotide competition assay as described in Shimkets et al., Nature 
Biotechnology 17:198-803. The mitocondrial gene fragments (CARDIOTOX 140-210) were not 
subjected to further analysis due to the suprisingly large number of fragments identified. 
30 However all the serotonin modulating agent had a significant impact on the of mitochondrial 
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genes critical to the oxidative phosphorylation pathway. This finding is significant as an 
impaired oxidative phosphorylation pathway will increase the amount of reactive oxygen species 
within an organ and, in turn, increase the potential for cardiac damage. Thus, these genes are 
potential useful general toxicity markers for the serotonin modulators. 

5 Seventy-three sequences (CARDIOTX: 1-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 

130, 132-134 and 138) represent novel rat genes for which the sequence identity to sequences 
found in public databases suggesting a putative homology. 

The 137other sequenced identified have been previously described. For some of the novel 
sequences (Le., CARDIOTX: 1-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 

10 1 3 8), a cloned sequence is provided along with one or more additional sequence fragments (e.g. , 
ESTs or contigs) which contain sequences substantially identical to, the cloned sequence. Also 
provided is a consensus sequences which includes a composite sequence assembled from the 
cloned and additional fragments. For a given CARDIOTOX sequence, its expression can be 
measured using any of the associated nucleic acid sequences may be used in the methods 

1 5 described herein. For previously described sequences database accession numbers are provided. 
This information allows for one of ordinary skill in the art to deduce information necessary for 
detecting and measuring expression of the CARDIOTOX nucleic acid sequences. 

By comparing of the genes differentially expressed in response to the various serototin 
modulating agents it was possible to generate gene profiles capable of distinguishing between 
20 cardiotoxic (dexfenfluramine, fenfluramine and dihydroerogtamine) and noncardiotoxic 
(fluoxetine, sibutramine and sumatriptan) serotonin modulationg agents. 

The serotonin modulating agent responsive nucleic acids discussed herein include the 
following: 



4 



WO 01/63279 



PCT/US01/05693 



TABLE 1 







Effects on Transcription Level 








Descrition of Sequence 


CenBank 
Ace* 


i 
i 

1 
i 




i 

i 
i 

tL. 




I 

\ 

I 




l 

1 
m 




f 

i 

E 
5 




5 
R 

j 

6 




Functional Role 


CAROIOTOX 
Assignment 


SCO ID NO 


DEXFENFLURAMINB MODULATED ONLY 




Novel gene (rtgwtnt, 524 bp, 66% S) to mouse F-bax 
protein F8X6o [AF176S2B] 


N/A 


♦« 


♦1.4 


+1.3 


♦1.3 


♦1.3 


+13 


01 3532 UBtQUniN CYCLE 


1 


1.2 


Atovel gene fragment 306 bp , 0 1% St to mouse taw 
dertsty Kpoprotein receptor related protein 4 [AB013874) 


NJA 


-u 


-1.1 


-1.3 


-1.3 


-1.4 


-13 


0431 LIPID METABOLISM 


2 


3 


Naval gene fragment 540 bp , 97% SI to mouse skeletal 
musda alphe-e^p<Q3766] 


N/A 


♦23 


+13 


-1.2 


-1.1 


♦1.2 


♦2,4 


0531.01.03 STRUCTURAL ARM: ACTWS & SHORT FILAMENTS 


3 


4,5 


Neve/ gent fragment 60 ftp 


N/A 


-1.6 


-1.1 


-1.3 


-1.3 


-1.4 


-"M 


09 UNKNOWN FUNCTION 


4 


6 


Nova/ gtno fragment fl57 op , 89% SI to kidney injuiy 
euodaled molecule HW038 [VS0591] (tram patent 
database) 


N/A 


•1.8 


-1.4 


-1.4 


-1.0 


-1.4 


-13 


09 UNKNOWN FUNCTION 


5 


7fi 


Novel gene fragment, 282 bp, 65% SI to human 
K1AA1515 protein tABWCIWB) 


NJA 


-1.7 


-13 


-1.2 


-1.4 


-1.2 


-1.7 


09 UNKNOWN FUNCTION 


6 


0 


Nave/ gene fragment. 40Sbp, 88% 61 to human 2- 
cxogMarste dehydrogenase [D10523] 


N/A 


+13 


♦1.4 


♦ 1.2 


-1.4 


+1,3 


♦13 




7 


10.11 


UCP2 


AB010743 




-1.3 


-1.3 


-1.3 


♦1.0 


-13 


0434.03 ATP/PROTON MOTIVE FORCE INTERCON VERSION 


8 




PUsma membrane Ca2> ATPaie-isoforml 


J03753 


-1.8 


-1.3 


-1.1 


♦ 1.2 


-1.4 


-13 


04.11.0232 CATIONS 


9 




FENFLURAMINE MODULATED ONLY 


Navel gem fragment, 242 bp , 97% SI to mouse HSP8S 
heat-shock pf stein [X16857) 


N/A 


+1.4 


♦1.6 


♦1.4 


+1.4 


+1.0 


♦1.4 


0133.01 MOLECULAR CHAPE RONE 


10 


12,13 


Novel gene fragment 2B0bp 65%SltohumanTRF1- 
interacting. ankyrfcKitattd ADP-ribosa polymerise 
[AF0B25S6) 


NJA 


+1.4 


+1.6 


♦ 1.3 


♦1.2 


+1.3 


+1.4 


05 TISSUE ARCHITECTURE 


11 


14 


Novel gene fragment 349 bp, 86% SI to mouse SioSI 
protein complex gamma mount. [U1 1027] 


WA 


♦1.3 


♦1.6 


♦1.2 


+1.4 


♦1.4 


♦1.3 


07.02.02 TRANSMEMBRANE PROTEINS 


12 


15,16 


Navel gene fragment, 853 bp, 03% SJ to mouse Sid 329 
[AB024884] 


N/A 


♦1.4 


♦1.5 


♦1.1 


+1.1 


+1.2 


♦1.4 


09 UNKNOWN FUNCTION 


13 


17,18 


KruppeJ-kke transcription 'actor 


AB020769 


♦1.3 


+1.7 


♦ 1.3 


♦ 1.1 


+1.2 


♦1.3 


0131 mRNA TRANSCRIPTION 


14 




Rlbosomal protein L3 


X62168 


♦1.4 


♦23 


+ 1.1 


+1.3 


+1.4 


♦1.4 


013231 RtBOSOMAL PROTEIN 


15 




Gkteose-regulsted protein (GRP) 75 


S7855S 


♦1.4 


+13 


+1.3 


+1.1 


+1.2 


♦1.4 


0139.01 MOLECULAR CHAPE RONE 


16 




Immunoglobulin heavy chain binding protein (BIP) 


Ml 4050 


+1.4 


+2.0 


♦1.4 


-1.1 


+1.2 


♦1.4 


0133.01 MOLECULAR CHAPERON E 


17 




Membr«ne4partnhgproteogrycanNG2 


X56541 


-1.4 


-13 


-1.2 


-1.1 


-1.4 


-13 


0S32 EXTRACELLULAR MATRIX 


IB 




D EXFENFLU RAMI NE AND FENFLURAMINE MODI 


JLATED ONLY 




Novel gene fragment, 1294 bp, 06% SI to mouse Sul1 
{elF)hamot[>g|AF129Sfi8} 


N/A 


+1.6 


♦13 


+1.1 


♦1.1 


+1.1 


♦13 


0132.CS TRANSLATION FACTORS 


IS 


19,20.21 


Novel gene fragment. 723 bp, 85% SI to human 
translation Inflation factor elF3 p40 ubuntt IU54S591 


N/A 


+1,8 


♦1.S 


+1,0 


-1.1 


+15 


+13 


01323S TRANSLATION FACTORS 


20 


22.23 


Novotgone trogmont. 1324bp, 70% 81 to human 
flavoprotefn subumt of complex 1) [030848] 


N/A 


♦1.3 


+1.5 


+1.3 


♦1.4 


+1.3 


♦13 


043431 CITRIC ACID CYCLE 


21 


24,25 


Novel gone fragment, 832 op. 81% SI to human vacuole/ 
proton-ATPeso subuntt M9.2 |Y1HB8] 


N/A 


+1.5 


+13 


♦ 1.2 


♦1.2 


♦1.4 


♦1.5 


04.11.02 PLASMA MEMBRANE SHUTTLING 


22 


26,27 


Novel gene fragment, 17Bbp. 91% SI to mouse myosin 
Oght ehab-2 Uoform MLC-2a [870785] 


N/A 


♦1.6 


+13 


♦1.3 


♦1.4 


♦U 


♦1.4 


05313134 STRUCTURAL ARM: HEAVY FILAMENTS 


23 




Novel gene fragment, 187 bp, 00% SI to mouse RabOO 
[XBD332J 


N/A 


♦1.7 


♦1.8 


-1.2 


♦1.0 


+1.2 


♦1.9 


OB.01.03 SYNAPTIC VESICLE COMPONENTS 


24 




Novel gene fragment. 10TO bp, 80% SI to human muscte- 
epecific protein [AF24B873] 


N/A 


♦1.5 


+1.7 


♦1.3 


+1J2 


+1.2 


♦1.5 


08 UNKNOWN FUNCTION 


25 


30,31.32, 
33.34 


Novel gen* fragment. 11 43 bp. 82% SI to human 
sarcoma amplified sequence (SAS) [1)01 160] 


N/A 


♦1.7 


+13 


+1.2 


+1.3 


+1.4 


♦1.7 


09 UNKNOWN FUNCTION 


25 


35,36 


Novel germ fragment, 74 bp, 75% SI to human secreted 
protein [X3016OJ (from patent ditaba*ey[X97S7S] [from 
patent database) / potential cytokine) 


N/A 


+1.5 


♦13 


+1.2 


-1.3 


+1.4 


♦1.5 


09 UNKNOWN FUNCTION 


27 


37 


AftjwW gene fragment, 408 bp, 90% SI to human CQ-07 
protein [AF1 32041] 


N/A 


+1.6 


+1.6 


+1.2 


-1.0 


+12 


♦13 


09 UNKNOWN FUNCTION 


28 


38.3D 


Novel gene fragment. 818 bp, 95% SI to rat progression 
related cDNA, ZNP&120 Tend partial sequence [patent 
database XS06O5) 


WA 


+1.5 


+1.6 


♦ 1.4 


+1.0 


+1.0 


♦1.5 


09 UNKNOWN FUNCTION 


2D 


40,41 


Novel gone fragment, 71 7 bp 


N/A 


♦1.5 


+13 


+1.2 


♦1.2 


+1.2 


♦1.6 


09 UNKNOWN FUNCTION 


30 


42,43 


Novel gone fragment, 54S hp 


N/A 


+1.8 


+1.5 


♦1.1 


♦1.3 


-1.0 


♦1.8 


09 UNKNOWN FUNCTION 


31 


44,45 


Novel gene fragment, 920 bp. 91% SI to human 
H5PC081(AF181S46] 


N/A 


♦1.5 


+13 


♦ 1.4 


♦12 


+1.3 


♦1.5 


09 UNKNOWN FUNCTION 


32 


48,47 


Novel gene fragment. 203bp. 92% SI to rabbit 
sarcoprasnfcraticuh™ glycoprotein [JQ4480] 


N/A 


-1.7 


-1.7 


-1.4 


-U 


-1.1 


-1.7 


09 UNKNOWN FUNCTION 


33 


48 


Novel gene fragment, 1 7flop , 68% SI to mouse igG 
receptor (baU-Fo-samrn«-RI!XMe315S] 


N/A 


+1.6 


+13 


+1.3 


+1.4 


+1.2 


♦1.4 


10 INFLAMMATION 


34 


49 


Rlbosomal protein LB 


XB7107 


+1.8 


♦13 


♦1.2 


♦1.4 


+1.4 


♦1.6 


013231 RtBOSOMAL PROTEIN 


35 




CAP2 protein (adenyfy) cyctase-essodotod protein 2) 


U31935 


+2.0 


+2.0 


♦1.4 


+ 1.4 


+1.2 


+2,0 


02 SIGNAL TRANSDUCTION 


38 




Alphs-ptaUtet-dtm^growtoftetorrKeptor 


MB3B37 


+1.6 


♦13 


♦ 1.3 


-1.1 


-1.0 


+13 


02.0231 TYROSINE KINASE RECEPTORS 


37 




RabGOletpha protein 


X744D2 


-1.6 


-1.5 


-1.3 


-1.1 


♦1.1 


-13 


02.07 OTP/GDP EXCHANGE FACTORS 


36 




PrX^eta-fcitereetingproteln 


Y08355 


+1.8 


+1.5 


♦ 1.1 


-1.2 


♦1.2 


+13 


02.11.01 SERINE/THREONINE KINASES 


39 




ERKorAIAPktwse 


X65J9S 


+1.5 


♦13 


+1.3 


♦1.4 


♦1.4 


+1.5 


02.11.01 SERINE/THREONINE KINASES 


40 




Peroxisomal munlfunettonal enzyme type U 


1137468 


+1.5 


♦13 


+1.3 


+1.3 


+1.2 


♦1.5 


0431.0232 PEROXISOMAL BETA OXIDATION 


41 




HBP23 (hame-binding protein 23 kOa) 


D30035 


♦1.7 


+1.6 


+1.3 


♦ 1.3 


+1.3 


♦1.7 


0438 DETOXIFICATION 


42 
43 




Prenylst sd nb eccaptor 1 (PRA1 ) 


U90725 
AF025SDB 


♦3,0 
♦1.5 


♦ 1.5 
♦13 


♦1.3 
♦1.2 


-1.0 
♦1.4 


♦13 
+1.0 


♦3.1 
+13 


0731 PLASMA MEMBRANE 

08.0333 SUBSTRATE/ VESICLE SORTING 


44 




D EXFENFLURAMtN E.FE NFLURAMINE. DIHYQROERGOTAMINE MODULATED ONLY 






Novel gene fragment, 337 bp, 88% SI to rabbi cardiac 
ryanodine receptor (RyR-2) [U504B5J 


N/A 


-1.7 


-1.6 


♦ 1.3 


-1.3 


-23 


-1.5 


02.03.02 ION CHANNELS 


45 


50 


Novel gen* fragment. 81 bp, 85% SI to human tttln 
[X90585] 


N/A 


-2.2 


-1.8 


-1.1 


-13 


-Z8 


-Z2 


05.01.01 CYTOSKELETON COMPONENT 


46 


51 


Novel gene augment, 42B bp. 88% SI to human ttttn 
[X90568] 


N/A 


-2.0 


-1.8 


♦1.1 


-1.1 


-1.7 


•2.0 


03.0131 CYTOSKELETON COMPONENT 


47 


52 


Navel gene fragment, 374 bp, 88% SI to human bun 
PC905SB] 


N/A 


-23 


-1.8 


♦1.1 


-1 2 


•6.5 


-2.3 


05.01.01 CYTOSKELETON COMPONENT 


48 


53 


Novel gene fragment, 478 bp, 85% 61 to human tun 
PC905SB) 


N/A 


-22 


•1.9 


-1.3 


-1.3 


-33 


-2.2 


05.01.01 CYTOSKELETON COMPONENT 


4B 


54 


Navel gene fragment 1218 bp, 23% 5/ to mouse 
mkmtubute-exsodat eg" protein (IMP) IB protein 
{AF11S77€J 


N/A 


-1.9 


-1.7 


-1.2 


-1.1 


-1.5 


1 


03.03.01 


50 


55,68 


Navel gene Segment, 1 MS Op, 83% 61 to human 
KIAA0549 protein [AS011 12 1] 


NJA 


•23 


-1.8 


-1.4 


-1.4 


-1.5 


-2.1 


09 UNKNOWN FUNCTION 


51 


57,58,59 


Mover pent fragment 1 S3 bp 


N/A 


-1.7 


-1.7 


-1.4 


-1.2 


-1.7 


-1.7 


09 UNKNOWN FUNCTION 


52 


60 
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Mbw/ocmftagmtnt, BSbp. 93% a to rramsn putaDra 
sUbt3StBmaortdUhim<hdDM«kittdpraiMn{GBOR1) 


NJA 


+1.8 


•1.8 


•1.0 


+1.4 


+1.6 


♦ 1J 


O0.01.O1 .01 


CANCER 


63 


61 






-1.8 


-1.1 


•1.2 


-1.1 


•iB 


•1.10 


02.1 1J1 


SERINE/THREONINE KINASES 


54 






D130H 


♦1.3 


♦1J 


+1J 


♦1.4 


♦ 15 


♦15 


0211.03 


NONPEPTIOES K»ASES 








AfM9878 


♦1,5 


♦1.8 


♦1.3 


♦1.3 


♦1.7 


+13 


04.01J201 


MITOCHONDRIAL BETA OXIDATION 


58 




MtocrnodaMadsaine rwfaatida trtnitoeats* 


D12771 


♦1.5 


+1.0 


♦1.4 


♦1.4 


♦1J 


♦13 


04.04.03 ATP/PROTON UOTTVC POACC INTCRCONVERSION 


57 




ALL SEROTONIN MODULATORS 








Mm/ gm ffagour*, 710 bp, WW a to mw» dwunatm 
ctmcttnlprtMb) homotog SuplShp {SuptSh)(UaB53B| 


UiA. 




♦3.4 


♦2.B 


*7JS 


+28 


♦3.0 


0101 


mRNA TRANSCRIPTION 


58 


6183 


Mml gam fragment. 181 otp, 87% SI ta maui* 
fTttochoflddnigirtai ccdhg for tbraa transfer RNA* 
(tptdfe (of Phe. Vol and Leu). t2S rixaomil RNA and 
16S nbotamd RNA ryOOSflG] 


HIA 


J.7 


-11 


-2.0 


-1.7 


-28 


-S.B 


01A251 


RIBOSOUALPROTBNS 


69 


64,85 


Hovtlgw* tngmvt, T88 £p, 65* Si to human N- 
anitylotueesanftiytttsnsferaul |G!cMAc-Tl)|M5562ll 


HIA 


-1.7 


-1ft 


•27 


-19 


-1J 


-1.8 


01A4.01 


CLYC0SVLATION 


60 


68.67 


Novo! gen* fragm**. I30bp, SS% 81 to mouio MAP 
khase-octhraM protein Untst 2 pCTOBSO] 


NiA 


-11 


4.4 


-1.7 


-Z8 


-1J 


47 


0211.01 


S ERINE/THREONtNE KINASES 


81 


88 


Novel ffarM mjfifliant 1 73 *p. 70% S) to G proteh- 
ooi^Ud r«captorlun«». 6RK4 {XSTSSB) 


NJA 


-ai 


■fi.4 


•4.7 


-5.3 


-75 


-8.11 


02.1131 


8E R1NOTKR EONtNS KINASES 


62 


69 


Move/owe (nvncri. 1 33 tp. 77* SI to human epopiotk 
ratatad prateln hSARW [pttMt dateta** V101 U] 


NiA 


-3.4 


J.1 


J.8 


■2.0 


-2.$ 


-3.2 


03.03 J« 


CELL DEATH REGULATION 


S3 


70 


Novo/ ysiM tmpnent. 4776p, Bflft SI to ptnOiomH 
pftytBnttyiCoAhy*oJtyte«(PHYH)[AF121M5) 


NJA 


♦8.0 


♦4 8 


♦3.7 


+7.0 


+8.0 


+5.1 


04313202 


PEROXISOMAL BETA OXt OAT 10 M 


64 


71.72 


Akm^sww tapmnC 4f 3 , 81 lo mousa 
dhydrofposmlda dehydrogenase (Did) [U73443| 


NiA 


♦19 


♦JJ 


♦2.0 


♦1.8 


♦2.2 


♦ 1.1 
0 


04.04 OXIOATIVePHOSPHORTlATION 


83 


73 


Abiwf pane frapnanL 728 ap, 78% SI to human 
aoednate iehydrogerts* Itawpratakt tubual (SDH) 
[L2193S] 


NiA 


-4.1 


-4.0 


•4.4 


•3.0 


-3JJ 


-4.1 


0434.01 


CITRIC ACID CYCLE 


80 


74.75 


Novo/ pan* tfaomont , 4401*. 82% SI to mouio 
cytoctwome o oxfdSM Vila (X6204O] 


HIA 


♦3.8 


♦4.0 


+2.1 


M1J 


*4.1 


♦3,7 


04JM32 ELECTROM TRANSPORT CHAIN 


67 


76.77 


Navotgan* tegmv*. 275 op. 80% 81 tohtimin UUn 
[XD0S66| 


NiA 


-11.9 


•117 


-11.0 


•6.8 


•S.5 


11.1 
0 


033131 


CYTOSKELETON COMPONENT 


SI 


78 


None/am tnsmant, 149 bp, 70% a to human otto 

pcooseB] 


HIA 


-S.5 


■S.8 


•3.7 


-2.4 


-8.0 


-5.8 


010131 


CTTOSKELETON COMPONENT 


89 


79 


Novo/ pane fragment *67hp, 04% & to mwtt galtoln 

LJ049S3] 


NIA 


OJ 


•3.8 


-3.0 


-1.7 


-15 


■XI 


093133 


REOULATORS 


70 


60,81 


Novml pant frapmant S3Shp. 90% SI to movn 
itaftfwdleelropCTln C |M2B793] 


NiA 


J.0 


J.7 


AO 


•1.9 


-1.7 


4.1 


0531 .6333 


CONTRACTILE CA+2 REOULATORS 


71 


8283 


Nov*/ gunt tngnwti. 44$ bp, 65% 81 to riuman skeletal 
muscfa tjpha 2 aettrttn [M8M0SI 


WA 


-1.7 


-2.0 


•1.6 


-Z2 


•2J> 


57 


0531.0135 


BINDING PROTEINS 


72 


84,85 


f]io\fof ffmtt9 tttfftlMl 248 ap, 89% 51 to moueo pofliiv-l 
[AF07Bfla71 


WA 


-3.1 


•2.1 


•45 


•2.8 


•3.5 


•3.2 


033331 


INTERFACE WITH CYTOSKELETON 


73 


88 


Nov*/ pane fraomant, 12Chp, 77% SI to httraan DMA 
eequanoa from ootmid V21 1G7, b*twa«n marker* 
DXS360 and DXSS7 on ehronwomt X [ZO8304| 


NIA 


+2.0 


+19 


+Z0 


♦2.2 


♦1,8 


♦2.1 


09 


UNKNOWN FUNCTION 


74 


67 




N/A 


-2.8 


-3.0 


•1.9 


-1.9 


•2.0 


47 


09 


UNKNOWN FUNCTION 


75 


68,89 


Novel gone frejpnwif, 337 bp, 70% 6) to novel hwran 
protein AHNAK (M808 99] 


NiA 


-4.2 


-3,8 


•2.5 


•3.3 


-4.1 


-4,3 


OB 


UNKNOWN FUNCTION 


70 


60 


Novo/ nana Soomanl 100 bp. 93% SI lo human 
KIAA07S0 pnlaln[AB01S293] 


NiA 














08 


UNKNOWN FUNCTION 


77 


01 


Abvo/gsn* AootnonC bp 


NIA 


-9.5 


-8.7 


-6 8 


-2.9 


-9.0 


-5.4 


0B 


UNKNOWN FUNCTION 


78 


92 


HovtgMA* fray™*, tMtp,0Q% £1 to nout* ptarrtT-ol- 
protiMa-101 {AF082955| 
















09 UNKNOWN FUNCTION 


79 


6194 


Motor gone Itopnant «0 *p . &4% SI to mouis 
membrftM nroUmTMS-2 [AFI81605J 


^ 














09 UNKNOWN FUNCTION 


80 


95,89 


Novml yww (ragmtrt, ; loop 


NiA 








_-taj 






09 


UNKNOWN FUNCTION 




97 


Novo/ pan* tngmtnL 294 bp, 85% 61 to mouse Ntfrl 
nlstad praUh Ndl3 [A0033S31] 


NiA 


-2.0 


-2.0 


-2.5 




-3.3 


40 


09 


UNKNOWN FUNCTION 


62 


08 


Abwaf pa/wfr&smirt, fMbp 


NJA 






_+2l5_ 








09 UNKNOWN FUNCTION 


83 


99 


/tovW 0a/># AvgnrvnC 73Qbp, BPH SI to rnouM 
[Y10O69] 


NiA 


-2.0 


-2.4 


-1.6 


-2.1 


-1.7 


48 


09 


UNKNOWN FUNCTION 


84 


100,101 


M>kW com ftspniBft; 2Mbp, M% SI to cysteine 


NiA 


-S.0 


-2.4 


•1.6 


il 


-1.7 


48 




85 


132 


Axnffoao 


AJ2O200 


-3.1 


•3.4 


-3.9 


•2.8 


-32 


•1.9 


04.0431 


88 




Rlbos omit prataln L7 


Ml 7422 


♦2.5 


+25 


+2.7 


♦3.7 


♦27 


+23 


013201 


R 18 OSOMAL P ROTEJNS 


87 




RlbasormlprottlnLB 


XS1708 


+1O.0 


♦ 11.0 


♦8.0 


+8J 


+5,0 


♦10. 
1 


013201 


RtBOSOHAL PROTEINS 


88 




RJbesamsJpraurinLia 


XS3S04 


-2.2 


-1J 


-12 


-1.5 


-2JJ 


-1.5 


01.0201 


RtBOSOMAL P ROTEINS 


89 




IBS, 5.83, and 2B5 ttbMOiMlfWAI 


V01270 


+5 


HI 


♦7 


+8 


+28 


♦5 


010206 


RlBOSOMALRNAs 


SO 




Pyravata dehydnosenaM MntM 2 (POK2) 


U10357 


-S.B 


-7.7 


-11 J 


-«.S 


-E8 


-8.10 


0211.01 


SERINE/THREONINE KINASES 


91 




D-Ondlno Prototn(DeP) 


J03179 


-1.9 


•1.0 


-1.5 


-1.7 


•1.5 


•14 


0214.01 


TRANSCRIPTION FACTORS 


92 




Lipoprotein Nptt» 


L032M 


-2.2 


-Z3 


-3,7 


-2.5 


•22 


-2.2 


04.01.01 


PATTY AGIO SYNTHESIS 


93 




NoTWiBuronat enobw 


X02B10 


♦3.5 


♦3 5 


♦3.1 


+3,1 


+3.1 


+15 


04.0101 


Q IYCOLYSI S/GLUCO NEOGENESIS 


94 




G^eogan phosphorylua (rmaA toarynw) 


L100S9 


-2.0 


•2* 


-3,0 


•2.0 


•27 


-2.8 


04.03,02 


0LYCOQEH MANIPULATION 


95 






XUI09 


+10.0 


+10.0 


+B.0 


♦6.0 


♦4.1 


♦10. 
0 


0404.02 


ELECTRON TRANSPORT CHAIN 






PJpnsipocti 


M17C83 


♦3.0 


♦3.4 


♦2.9 


♦7.0 


♦3.8 


+3.8 


04.11,01 


EXTRACELLULAR TRANSPORT 






Bott^tDOln 


X0070I 


+3.1 


♦3,8 


♦4.0 


♦5.0 


+13 


♦11 
1 


04.11.01 


BXTRACELLU LAR TRANSPORT 


98 




Myoglobin 


AF197816 


♦4.7 


♦4.0 


♦Z2 


♦7.0 


♦3.9 


♦4.7 


04.11.0131 


OXYGEN 






Titn 


LJBT17 


-2.0 


-1.6 


+1.8 


+1.5 


-5.4 


-11 


05.0131 


CYTOSKELETON COMPONENT 


100 




Skotatalmudoadla 


V0121I 


-19.2 


•14J 


-13.1 


J.8 


-143 


-18.3 


0101.0133 


STRUCTURAL ARM: ACT1NS 4 SHORT R LAMENTS 


101 




Myosin ftaNetttin 2 1MLC2) 


M11B31 


♦2.8 


+2U 


+3.6 


♦1.9 


•1.5 


+21 


05.01.0154 


STRUCTURAL ARM: HEAVY FILAMENTS 


102 




Alpha cardiac mycsln heavy chain 


X159U 


-3.4 


-7J 


-4.8 


-3.2 


•25 


-13 


01O151JM 


STRUCTURAL ARM: HEAVY FILAMENTS 


103 




Troponin 1 


UT73H 


♦1.B 


♦1.8 


+1.6 


♦1.8 


♦15 


+1.5 


05,015333 


CONTRACTILE CA+2 REOULATORS 


104 




CaTdbeeasequeitrti 


AF001334 


-2.9 


^2.4 


-2.4 


-2.5 


•21 


-29 


05.01.0333 


CONTRACTILE CA+2 REGULATORS 


105 




SuttBt»dg>jxoprotiln2 


M 10975 


-1.8 


-1.8 


-2.2 


-1.6 


•1JJ 


-1.8 


0102 


EXTRACELLULAR MATRIX 


108 




Aataporo7 


AB00050T 


+1.5 


♦1.5 


+1.8 


♦1.8 


♦1.7 


♦1.5 


075133 


SURFACE STRUCTURES 


107 




Camillni/a^ftamrttno carrier prateto 


X8783I 




•10 


-2.0 


-1.9 


•U 


4.5 


0731 


MITOCKOIVDRIAN 


108 




Gtu-Pra Olsaptlda Repeat 


U40ttfl 




-5 6 


-3.1 


-5.5 


-5.1 


-8J 


0201.02 


UNASSOCIATED 


109 




CysUlnbeta 


XMT3T 


♦2.5 


+2.7 


•Z5 


♦3,1 


♦2,0 


♦23 




110 




LL 8 FRO TO Ml JJ MODULATORS EXCEPT SUMATRIPTAN 






Msvo/ffana tnpn*nU 393 bp, 80% 91 to noman 


WA 


♦1.9 


♦Z1 


+Z1 


+Z1 


♦1.7 


♦1.1 
0 


021201 


SER1NE7THREONINE PHOSPHATASES 


111 


103,104 


Movo/owMfreoniARt, l7Bbp,M%S) to human Bin 
PCOOSB&I 


N/A 


-3.1 


-I* 


•1.6 


•2.0 


44 


-11 


010151 


CYTOSKELETON COMPONENT 


112 


105 


Nnvdgm ftagntent 70ffbp, 91% G) to moose pcrtptaMfl 
(f»PL)[AFt18S23] 


n;a 


+2.5 


♦2.0 


♦2.1 


♦2.2 


♦ 1.7 


♦25 


0118 


OTHERS / TISSUE ARCHITECTURE 


113 


106.107,108 


Long chain icyVCoA dshydrogaftaM (LCAO) 


JOSOZI 


♦1.7 


♦1.8 


♦1.6 


♦1.5 


+1.8 


♦1.7 


04515251 


MITOCK0NDR1ALBETA OXIDATION 


114 




6dTatid otrcoproUin 1 (SGP-1 > 


U1BS3S 


-1.7 


-2.0 


-2.1 


•2.3 


-1.7 


-1.1 


040155 


QANGUOS1DE BIOSYNTHESIS 


115 




CaUbso 


M11O70 


♦2.1 


♦2.1 


+1.6 




♦1JJ 


♦2.1 


040932 


OXYOEN RADICALS 


116 






AFOMtae 


-1.7 


-1.6 


-1.8 


4.0 


-13 


-1.7 


010151 


CYTOSKELETON COMPONENT 


117 





6 



WO 01/63279 



PCT/US01/05693 



Catdltc epedfie aodutn channel atpho-subunt 




-2 J) 


-21 


-21 


-29 


-1.8 


•24 


07.01 m 


UN PUMPS 


118 




Cht-Pra a^eptida Ripest 


U4C92e 


•4J6 


♦42 


♦2.7 


♦6.0 


♦rs 


♦4.1 


Ot.01.02 


UNASaOCtATEO 


119 




ALL SEROTOKM REUPTAKE INHIBITORS 




MMtfpwittapnttitMW* 8411 B) to human K1AA0733 
pn*eto[AB016316) 


N/A 


-1J 


-1.7 


-1.6 


-u 


-1.2 


A» 


08 


UNKNOWN FUNCTION 


120 


109 


RNA poVnsma II tranaertptlanlaetar Sill (p15 «ubunB.) 


L4385B 


+2JD 


♦ 1.7 


♦1.8 


♦20 


♦1.4 


♦X1 


01.01 


mRHA TRANSCRIPTION 


121 




PretifHywsina phtaphttaie (LRP) 


L01702 


♦1.7 


♦20 


♦1.5 


♦1.3 


♦ 1.4 


♦1.8 


02.12.U2 - 


TYROSINE PHOSPHATASES 


122 




SkaUM muada aataftapratah W (SaW) 


U25264 


-1.6 


-1J 


-1.6 


-1.6 


-1.4 


-1.8 


04.00 


OETCOOFfCATtON 


123 




Sircoptiunic rftJcutini2*-C»-ATP*io 


X15635 


-U 


■1.6 


-1,8 


-2j0 


-1.2 


-2.1 


05.01 .03.03 


CONTRACTILE C»+ 2 REGULATORS 


124 




ALL 6EROTOMON MODULATORS exCSPTSUMATRtPAN AND FLUOXETINE 




Rtbosomal protein 37 


X53377 


♦1.7 


♦1.0 


♦1.3 


♦18 


♦ 1.7 


♦1.7 


01.0Z01 


R180S0MAL PROTEINS 


125 




Rfbophorinl 


WW 300 


+ZO 


♦1.6 


♦ 1.4 


♦1.8 


♦1.6 


♦2.0 


04.114241 


GLYCOPROTEINS 


12S 




Bata caidleo rnyoitn heavy chaki 


X1E939 


+ZA 


♦23 


♦1.4 


-1.7 


-1.6 


♦2.2 


05JM4144 


STRUCTURAL ARM: HEAVY FILAMENTS 


127 




DIHYDROEROOTAMINS MOOUIATEO ONLY 




ADP-motyfcittan factor! 


L12380 


♦1.1 


♦12 


-1.0 


*0 


♦ 1.3|M.3|O2.0B 


SMALL OTP BINDING PROTEINS 


128 




EROTONW MODULATORS EXCEPT DWYOROEHGOTAM1NE 




Latnrtn receptor 


U04942| +2A | *26 


-1.5 


♦4.6 


♦1.1 


♦2 5|OS.03.02 


INTERFACE WITH EXTRACELLULAR MATRIX 


129 




LL SEROTONIN MODULATORS EXCEPT GJDUTRAUINE 




NowJgtni 6?onMr.f, 208 tft 83% El la human nryW 
tRNAtynllWts»tX91257l 


N/A 


♦1J 


♦W 


♦17 


♦1.4 


♦2.0 


♦1.8 


01.02.02 


AMINO ACYL WNA SYNTHETASES 


13Q 


110,111 


DEXFENFLURAM INCFENFLLIRAMI NE, OIHVD RO ER80TAM1N C AND SUMATRIPTAN MODULATED ONLY 




AnttndnVI 


xasOTsj .10.0 


-1.3 


♦1.3 1 *M 


♦3,5 


-09.0(09 


UNKNOWN FUNCTION 


131 




DEXFENFLURAM ME^ENFLURAMINE, AND SUMATRIPTAN MODULATEO ONLY 




Novd gtnt ftKirari 325bp. B0% S) ta imniM fMtAP 
[U78B18| 


MfA 


♦17 


♦1.7 


♦1.4 


-1.1 


♦1.4 


♦1.7 


09 


UNKNOWN FUNCTION 


132 


112113 


Nova/ owe ttugnrnri, 337 bp 


WA 


-2.0 


-24 


♦1.0 


-1.1 


-1.2 


-2.1 


09 


UNKNOWN FUNCTION 


133 


114 


Neva) (f*n* frogwnl. Hbp 


WA 


-1.8 


•AA 


•U 


♦1.0 


-1.1 


•3 


09 


UNKNOWN FUNCTION 


134 


116,116 


TATAAindtng protein Interacting protein 120 (T1P120, 


D67671 


♦2J 


♦1.9 


♦1.4 


♦U 


♦ 1.1 


♦24 


02.14.01 


TRANSCRIPTION FACTORS 


135 




AnnetfnVl 


XBOOie 


-5,1 


-1.7 








-S.I 


09 


UNKNOWN FUNCTION 






FENFLURAMINE AND SUMATRIPTAN MODULATED ONLY 




Lw«>cha>t3Jut£aeyiCoAthk)tiM 


□1647S 


-,.5 


-1.1 I -1.1 1 -W 


-1.2 


-1.S|04.01 .02.01 


MITOCHONDRIAL BETA OXIDATION 


138 




FENFLURAMINE, SIBUT AMINE AND DMYTOOERGOTAMINEMODULATEDONLY 




Thymotki b«l»-4 


M34043 


♦1.4 


♦1.6 


♦14 




♦« 


♦1.4|6.01 


CTTO SKELETON 


,37 




D EX FENFLURAMINE. FENFLURAMINE. AND SIBUTAMINE MODULATED ONLY 




Novel gen* fragment, 379 *p, CSS 51 to human eoelunerl 
protein (COPA) (U24 1 03] I t*A 


^.0 




,„ 




♦1.2 




074241 


LU VENAL PROTEINS 


I3B 


117 


DEXFENFLU RAMI HE. FENFLURAMINE. AND FLUOXETINE MODULATED ONLY 




Serine praleaae 


D8S250 


♦1^ 


.« 


.... 


♦1 J | *1.2 


.,7 


014541 


PROTEOLYS3 


,30 




MITOCHONDRIAL GENOME FRAGMENTS 




Mitochondrial genome (bp 1127-1960) 


X1464B 


X 


X 


X 


X 


X 


X 




14Q 




Mtochoadrtalgenortia (bp 1127-1183) 


X14648 


X 


X 


X 


X 


X 


X 




141 




MAochoadrtat gemma (bp 11 44-1360) 


X14848 


X 


X 


X 


X 


X 


X 




142 




Mitochondrial genome (bp 11+4-1482) 


X14648 


X 


X 


X 


X 


X 


X 




143 




Mtochondrta! genome (bp 1670-1871) 


X14648 


X 


X 


X 


X 


X 


X 




. 144 




MltochondrUl gemma (bp 27(3-2990) 


X1484S 


X 


X 


X 


X 


X 


X 




145 




MKochoi>drlalgcnoma(bp 3444-3847) 


X1464B 


X 


X 


X 


X 


X 


X 




146 




Mitoct)oadttol9tnoma(bp 3444-3S7S) 


X1464B 


X 


X 


X 


X 


X 


X 




147 




W*ochofKfrte! B <mQfna(bo M44-3M0) 


X14648 


X 


X 


X 


X 


X 


X 




149 




Mlochoadrbtp^mmefbp 3628-3938) 


X14B48 


X 


X 


X 


X 


X 


X 




143 




UAechondiW gamma (bp S322-6BU) 


X1464( 


X 


X 


X 


X 


X 


X 




,53 






X14848 


X 


X 


X 


X 


X 


X 




151 




MBochOfldrtelgsmmatbp 6337-64 54) 


X14MB 


X 


X 


X 


X 


X 


X 




152 




Mitochondrial gemma (bp 5816*041) 


X14M8 


X 


X 




X 








153 




MJtsehondrlel gemma (bp 8074-61 68) 


X14648 


X 


X 


X 




X 






154 




Mlschondrtalgamma (bp 6247-6414) 


xum 


X 


X 


X 


X 


X 


X 




155 




MlKhonddslgemma (bp 6431-6803) 


X14646 


X 


X 


X 


X 


X 


X 




ISO 




Mltochondrtalgtnoma (bp 6503-8722) 


X14848 


X 


X 


X 


X 


X 


X 




1S7 




MJtaehondrtol genome (bp 5555-6934) 


X14646 


X 


X 


X 


X 


X 


X 




198 




MKochoodrtal gemma (bp 5598*690) 


X1484S 


X 


X 


X 


X 


X 


X 




159 




Mhocboodrfat gamma (bp 6$»8-689S) 


X14641 


X 


X 


X 


X 


X 


X 




160 




Mitochondrial gamma (bp 6598-6880) 


X1464S 


X 


X 


X 




X 






16, 




Mitochondrial gamma (bp 6S96-6S95) 


X14848 


X 


X 


X 


X 


X 


X 




162 




MKocbondrinl gamma (bp 6S9M800) 


X14648 


X 


X 


X 


X 


X 


X 




tea 




Mitochondria] gamma (bp ttSM-GXN) 


X1464S 


X 


X 


X 


X 


X 


X 




164 




Mitochondrial gemma (bp 6813-6722) 


X1464I 


X 


X 


X 


X 


X 


X 




165 




Mitochondria! gemme (bp 0717-6871) 


X146W 


X 


X 


X 


X 


X 


X 




166 




MXochoadrtal gemma (bp 6717-6880) 


X14848 


X 


X 


X 


X 


X 


X 




167 




Mltochoadrbl genome (bp 0717-0BS5) 


X14648 


X 


X 


X 


X 


X 


X 




188 




MKochudrtal gemma [bp 6717-6926) 


X14846 


X 


X 


X 


X 


X 


X 




169 




Mtochoadrftl gwwn (bp 7OJ4-7240) 


X14848 


X 


X 


X 


X 


X 


X 




170 




Mtteehoedrtel genome (bp 7474-7640) 


X14846 


X 


X 


X 


X 


X 


X 




171 




MttMhoadtfalgenon» (bp 7474-7642) 


X14648 


X 


X 


X 


X 


X 


X 




172 




Mitochondrial genome (bp 7474-7658) 


X14646 


X 


X 


X 


X 


X 


X 




171 




M4«Jwndrletg«ronio(bg 7383-7078) 


X14648 


X 


X 


X 


X 


X 


X 




174 




MKochoedna! genome (bp 7812-7081 ) 


X14646 


X 


X 


X 


X 


X 


X 




17S 




Mtocftoedrta! genome (bp 7622-6248) 


X14646 


X 


X 


X 


X 


X 


X 




176 




MKochoadrtal flenorae (bp 79SM024) 


X14646 


X 


X 


X 


X 


X 


X 




177 




Mttoehoidnol gemma (bp 7636X302) 


X14846 


X 


X 


X 


X 


X 


X 




178 




M ftochOwWelflenoree (b 3 828W57I) 


XUS4M 


X 


X 


X 


X 


X 


X 




:70 




MttDchaeditalgenonM (bp eiai-&6l0) 


XI 4846 


X 


X 


X 


X 


X 


X 




160 




MitoctoedrlalgenonM (bp 6593-6810) 


X14S48 


X 


X 


X 


X 


X 


X 




181 




M itochoedifol genorea ( bo 8596*921 ) 


X14648 


X 


X 


X 


X 


X 


X 




162 




Mitochondrial genoraa (n? 6593-8921 ) 


X14S48 


X 


X 


X 


X 


X 


X 




183 




MttocnowWalgenatmelb? 6603-8821) 


X14648 


X 


X 


X 


X 


X 


X 




184 




MtodiniwMal genome (bp 8603-6621) 


XI 4B46 


X 


X 


X 


X 


X 


X 




185 




Mitodtoadrtal gtnonM (bp 6614-6010) 


X14B46 


X 


X 


X 


X 


X 


X 




IflB 




Mfadtoadriet genome (bp 6610-0921) 


X14B46 


X 


X 


X 


X 


X 


X 




187 




MttoetUSATlelQanOfM [bp 8626-6921) 


X14548 


X 


X 


X 


X 


X 


X 




168 




U todwradrieJ genome [bp 86206921 ) 


X14S46 


X 


X 


X 


X 


X 


X 




189 




NitDclWBdifalgtnonM(bp6635-B921) 


X14B48 


X 


X 


X 


X 


X 


X 




190 




MtteehosdrialgeflonM (bp 878041921) 


X14S4S 


X 


X 


X 


X 


X 


X 




191 




Mtortoa(MalgenonM|bpS7924921) 


X14848 


X 


X 












192 




U rtochondftel genome (bp 6899-0180) 


X14B46 


X 


X 


X 


X 








191 




Mrtodandrlal ganoma (bp 60164057) 


X14646 


X 


X 


X 


X 


X 


X 




194 




Mtockondrial genome (bp 8016-0316) 


XI 4848 


X 


X 


X 


X 


X 


X 




191 




Mitocftoitdiiaigenomttlbp 89104361) 


XI 4848 


X 


X 


X 


X 


X 


X 




196 




Utedtoadrlel genome [bp 80620160) 


X14848 


X 


X 


X 


X 


X 






197 




Mitochondrial genome (bp 9221-0368) 


X14S48 


X 


X 


X 


X 


X 


X 




198 




Mitochondrial genome (bp 02500368) 


X14648 


X 


X 


X 


X 


X 


X 




198 




NftrWioodltalgrnoroe [bp 92534361) 


X14646 


X 


X 


X 


X 


X 


X 




200 




U rtnchgndrial genome [bp 6481-0763} 


X1434B 


X 


X 


X 


X 


X 


X 




201 
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MitochandrtBl genwra (bp B91 0>1 008B) 


X14B46 


X 


X 


X 


X 


X 


X 




202 




Mitochondrial gertoma {bp 10004-10000) 


X14SW 


X 


X 


X 


X 


X 


X 




203 




UauchondtUlgtOOffW (bp 10355-10888) 


X1454I 


X 


X 












204 




Mtochondtbl gtnorn* (bp 1 1 152-1 1 501) 


X14B4B 


X 


X 


X 


X 


X 


X 




209 




Mitochondrial otnerm (bp 1 1230-1 1445) 


Xl484( 


X 


X 












206 




Mitochondria] gtnoms (bp 1 1230-1 1SOS) 


X14846 


X 


X 


X 


X 


X 


X 




207 




Mitochondrial ganomo (bp 12037-1 2987) 


X14848 


X 


X 












208 




Mitochondrial goname {bp 141 43-1 4441 > 


X14A4S 


X 


X 


X 


X 








209 




Mitochondrial gmorra (bp 15681-18160) 


X1484B 


X 


X 


X 


X 


X 


X 




210 
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Below follows additional discussion of nucleic acid sequences whose expression is 
differentially regulated in the presence of serotonin modulating agents. 

5 CARDIOTOX1 

CARDIOTOX1 is a novel gene fragment The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 ACTAGTGTCTTCCTCCGGTAGAGTTCTGGC^GGGGCGGGGTTCTTGGCTGTCCTGTGGCTGACGATGATGCTGCTGTTGG 
81 TGACACG&GGACCATACCAGCCTTTCCAGAACTGTGTGTCCTTGCC^ 
10 161 GGGTAATTGGAGAAGGTGTGGGAGATCT (SEQ ID NO:l) 



The cloned sequence was assembled into a contig resulting in the following 524 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTGATCTCC 
15 81 GCTOTGTGACCGAGTTGATTTGGGCTTGACCAAAGTTGTATA^ 

161 CCCGCTAAGGGCTTAGGTCTTCCCAGGAGCCAAAGCTGAGTATCT 

241 CTGGCAGGGGCGX^GTTCTTGGCTGTCCTGTGGCTGACGATGATGCTGCTGTTGGTGACACGGGGACCATACCAGCCTTT 
321 CCAGAACTGTGTGTCCTTGCCCCCATGTTG AAAAAGGA^ 
401 TCTCTTGCCAGCTGGCGTCATTCCACTGTTCGATGGTCACAGGCGG 
20 481 AAGGCCAGCTGTACCCGGAGGTGATAGGTACAGCCGCAGTCTGC (SEQ ID NO: 2) 

CARDIQTOX2 

CARDIOTOX2 is a novel 306 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

25 

1 AGATCTGCAAGAGATCACCACGTGTGTGCTGATGGCTGGCAGGAGACGTTGAGTCAGCTGGCCTGCAGGCAGATGGGTTT 
8 1 AGGAGAACCATCTGTGACTGAACTGGTCCAAGGGCAGGAAGGCCAGCAGTGGCTC^ 
161 TCAATGGGAGCACCCTGCAGGAGCTGCTGGTGCACAGGCGGTCCT 

241 AAGCAAGACTGTGGTCGCCGCCCTGCTGCCCGAATGAACAAGAGGATCCTTGGGGGTCGGACTAGT {SEQ ID NO: 3) 

30 

CARDIOTOX3 

CARDIOTOX3 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 TCATGAAGTGCGACATCGACATCAGGAAGGACCTGTA 
35 81 ATCGCTGACCGCATGCAGAAGGAGATCACAGCTCTGGCTCCCAGCIACC^ 
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161 CAAGTACTCAGTGTGGATCGGCGGCTCCATCCTGGCCTCGCT 
241 ACGACGAGGCCGGCCCCTCCATTGTGCACCGCAAATGCTTCTAGGCG^ 
321 GGACGACAATCGACCATCGTGCTATGGTTGCAGGGTGGCCCCATCCTC^ 
401 C (SEQ ID NO: 4} 

5 

The cloned sequence was assembled into a contig resulting in the following 540 bp 
consensus sequence: 

1 TTT TTTTTTTTTTTTTTGG AG CAAAACAG AATGG CTG G C TTT AATG CTT CAAGT TTTC CATTT C CTT C CACAGGGCTTTG 
8 1 TTTGAAAAATAACAAAATGAGGTAAAACXaAGTGAATC^ 
10 161 GGAGCCACG^CGGAGGATG<^CCACCCTGCAACCATAGCACGATGGTCGATTGTCGTCCTGAGGAGAGAGAGCGCGTAC 
241 ACAGACGCGGGTGCGCCTAGAAGCATTTGCGGTGC1A.CAATGGAGGGGCCGGCCTCG 

321 ATCTGCTGGAAGGTGG AC AG CG AGGCCAGG ATGG AGC CGCCG ATCCAC ACTGAGTACTTGCGCTCAGGGGGGGCG ATGAT 
401 CTTGATCTTCATGGTGCTGGGAGCCAGAGCTGTGATCTCCTTCTGCATGCGGTC^GCGATACC^GGTACATGGTAGTGC 
481 CCCCTGACATGACGTTGTTGGCGTACAGGTCCTTCCTGA^ (SEQ ID NO: 5) 

15 

CARDIOTOX4 

CARDIOTOX4 is a novel 80 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

1 CAATTGACAGAATCAGTGAGGTCCTCACTAGCCTCAGGATG (SEQ ID NO: 6) 

20 

CARDIOTOX5 

CARDIOTOX5 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 ACTAGTGCTTCAATGTCAACCGAGAGTAAAATGTGTTTGTATGAAATGCCTCCATTTGACTAGATAGAGCTTTATTTGGA 
25 81 GAAAGTCACATATAACATAATTGAACTTTGAATTATGCAATC^ 

161 ACCACTATCTACTTCCAGAACAGTCTCATCCTTTCCAGA ( SEQ ID NO: 7) 

The cloned sequence was assembled into a contig resulting in the following 957 bp 
consensus sequence: 

30 2 TTTGGAGCTGGGAACCGAACCCAGGGCCTTGTGCTTGCTAGGCAAGTGC 
8 1 AGTGCGCCTTCTATACTAGAAAGCTTGACCACTGAGCCACACCT 
161 TGTTTGTATGAAATGCCTCCATTTGACTAGATAGAG 

241 TATACAATCCCGTGGATTTTAGAGTGCTCCTGGAGCAGGTGGCAGTCACCACTATCTACTTCCAGAACAG 
321 TCCAGAAACCCACACTCTGTCTTTCCTCTATTCCAGATCTGTTAGACGAGTGGAATTACATAGTCCGGTCT 
35 401 TCTGTTACTAAGTTTTAAAGGTTTATTCTCAGGTAGCATC^GTCCGTAATGTATTACTGCTGAATAGTGTTCCGTGTATA 
481 CAGACACCGTGTGTGTCTTCTTCCAGCGAGCAGAGGAACTCT 
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561 AACATCTGTGAAAAAGTTCGAAATGTTTGATTTAGTACAGACCCT 

641 AATTGTACTTCCTACAGTGGTTTTACCACCATTTCCTGCT 

721 CCTGAGATGAAGAGGCATCTGATTGGGATCTTGGTTTGCATTTCCCTAATGTC 

801 TCATTGGCTTTCTATGCTGCTTTGCAGAATGTTTATT^ 

881 TCTGTAGGATTTTTTATTTACGGTCAACTCATCTCTTA (SEQ ID NO: 8) 

CARDIOTOX6 

CARDIOTOX6 is a novel 282 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

1 TCCGGAAGATGCTCTACCCMCTCTGAGIGTAATGAATGGGCCAT^ 

8 1 CCCCACCAGCTCCTCGGACAGTCACAGATGAGGAAATGAATTTCGTTAAGACCTGTCTTCAGAGGTGGCGGAGTGAAATT 
161 GAACAGGATATACAAGACTTAAAGAATTGTATCTCG^ 

241 TCGTCAGGTGCCTTATCGCTTACATGCAGTTCTTGTTCATGA (SEQ ID NO: 9) 

CARDIOTOX7 

CARDIOTOX7 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 GGTACCCCG CTCCACGTCCTGGCCACTCAG CCGGACATGGATGCCTTCCTTCAGGAGTGATCCGAACGCCATGTACTCTG 
8 1 CCAGGGCCCAGTCCACAGTCCGGTTTGTCACAAGCTCT 

161 AAGTTCTCCACAGGTACAGAACTGGCCACATTCCCAATGTGGGTCAAGATGTCCT 

241 CATGCTCCTGGGCTGTCCATCCAGGGTG AAAAAGCCAGGCCAGGGGGAATCCAG CCAGTGCTTGATGTGCAAGATCT (SEQ ID NO: 10) 

The cloned sequence was assembled into a contig resulting in the following 405 bp 
consensus sequence: 

1 CGGCCTGGTTAGGCCAAAGGTGGTTCATGGGGATGCAGGTTCTTTTGTC 

81 TGGCTGAAGGTACCCCGCTCCACGTCCTGGCCACTCAGCCGGACATGGATGCCTTCCTTCAGGAGTGATCCGAACGCCAT 

161 GTACTCTGCCAGGGCCCAGTCCACAGTCCGGTTTGTC^ 

241 GGATGGTAAAGTTCTCCACAGGTACAGAACTGGCCACATTCC^ 

321 GGGCAGGTCATGCTCCTGGGCTGTCCATCCAGGGT 

401 GATCT (SEQ ID NO: 11) 

CARDIOTOX10 

CARDIOTOX10 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 AGATCTTTCACAGACTTGTCATTCTTGTCAGCCTCTGCCTTTTGCCTTAAGGTTTCAATAAT 

81 CTCCAGGTGTTTCTTTGCTGCCATGTAACCCATTGTTGAGTTGCCTCTGAGGGCTTGAGCTTTCATGA (SEQ ID NO: 12) 
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The cloned sequence was assembled into a contig resulting in the following 242 bp 
consensus sequence: 

1 AGATCTTTCACAGACTTGTCATTCTTGTCAGCCTCTGCCTT 
8 1 CTCCAGGTGTTTCTTTGCTGCCATGTAACCCA^ 

161 TTGCTGTCCAGCCATATGTGCTTGTGACAATACAGCATGGGGATGTCACCATTCGGTTTGACACAACCA 
241 TN (SEQ ID NO: 13) 

CARDIOTOX11 

CARDIOTOX1 1 is a novel 280 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 TGTACATACCAGAGAGTTGATTGTGTGAAGAAGCTTCTAGAACT^ 

81 CCCACTG CATG CTGCAGCAAGGCAGTCCAGTGTGGAGGTCATCAATCTG CTCACTGAGTATGGGG CTAACCTG AAACTCA 

161 GAAACTCGCAGGGCAAAAGTGCTCTTGAGCTCGCTGCTCCCAA^ 

241 CCACCTGCTCTTTCTCAGCTCTGCCGCTTGTGTGTCCGGA (SEQ ID NO: 14) 

CARDIOTOX12 

CARDIOTOX12 is a novel gene fragment. The nucleic acid was initially identified in 
cloned fragment having the following sequence: 

1 GAATTCCAGAAGATCGCCATGGCCACAGCGATTGG^ 
8 1 CATCCCTATTAATAACATTATTGTGGGTGGCTGAGTCT 
161 CTCATGA (SEQ ID NO: IS) 

The cloned sequence was assembled into a contig resulting in the following 348 bp 
consensus sequence: 

1 NCATCCAGGCAACTTTTACTTCATGAGCTTGTCACC^ 

81 CCCACAATAATGTTATTAATAGGGATGTGGATCAGTTTCACAAAGAAGCCGATGAACCCCATGATAGCGAATCCAATCGC 
161 TGTteGCCATGGCGATCTTCTGGAATTCTTTTCTA 

241 ACTGCCGACTTGGCTCGACAAACTGCATTACCTGATCCATGTTTGTGGGATGGCGGTTTGAGAGGGCAGAGACACGTAGC 
321 CTAGGAGAGAATTGAGCCCAACGGAACN (SEQ ID NO : 16 ) 

CARDIOTOX13 

CARDIOTOX13 is a novel gene fragment. The nucleic acid was initially identified in 
cloned fragment having the following sequence: 
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1 TCTAGAGTCTTCCATCCAGGGTCTCCGGATAATGTGAAGCCGAGT^ 
8 X AGCAGTCTGCCTGCCGTTCACATGGTGGTGAGGATCGCT^ 
161 TCCGTGTGGATGTCGTGGGCGAAGCGTGGGATTTAGAGCAGCAGTGGTTTGT 
24 1 TTGTTTTGATTTTGCTATCTCATTCCATTTTTGACCAAAGCTTCTCT 
5 321 ACTT AAAGGGG AAG GG ACG TGTGT ACA (SEQ ID NO: 17) 

The cloned sequence was assembled into a contig resulting in the following 553 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTCACACTT 
10 81 GTTAGTGTGACAATCTTCCATAATAAACTACTrAAAGAGAAGCTTTGGTCAAAAATGGAATGA 
161 AAAACAAAACAAAATGAAAGAAAAAGCAAAACAAACCACTG 
241 GATACACGCTAGTGGCTTCAGTGTGACAGTGTTTCCTGGGGCCA^^ 

321 CTCAGTCCCGTTCCTCATGCTGGATGGCAGAGGCTCACTCGGCTTCACATTATCCGGAGACCCTGGATGGAAGACTCTAG 
401 AGTCTTGAAATCCCAOATTGTCATGGCTCCATCGATGCCAGm^ 
15 481 AAATAGACACTTGAGTGATGCTGTTCTGGTGCAGTGTTTCC^ (SEQ ID NO: 18) 

CARDIOTOX19 

CARDIOTOX19 is novel gene fragment. The nucleic acid was initially identified in two 
cloned fragments having the following sequence: 

20 1 AGATCTCTCCTAGCCAAGGGATGTTGAAACATGAAGGGTAAGGCC^GCCTGGTATCAGTTAAACTTACGACAAGGGAACA 
81 AATACCAAGCTGGTGCTGTTGGTCTTATGGCTAGC (SEQ ID NO: 19) 

and: 

1 AGATCTGCCTAAAAAAGACTGCCCTGGGTGGTGAGCTAATGTCCATGACTTCTCTGGAAAGGTAGCCCTTTCTGGATTCT 
25 81 GCCTACCTGGTCAGACACCAGGGGTTCTTTTTACAGCCAGAGAGACTCAACTCTAATGATATAGCTGGGGCAGTTACCCA 
161 TACTCTCAGTCACCTGGGCTGTTCAAATGGTGACACTCTTCTAGGGCTGGGGACTG 
241 CTGGTeAGACATAGCCTCCTGTGATTTGGGGGTTCHTG^ 

321 GACTGTCAGX3GCITACTGCTTAACCTGTTTAAAATGAGGGACTTCAAGACTACACAG CATGGCTCTTTT CAGTTTATTGC 
401 ATGAAGGAGTTACACTAGT ( SEQI ID NO : 2 0 ) 

30 

The cloned sequence was assembled into a contig resulting in the following 1294 bp 
consensus sequence: 



1 TTTTTTTTTTTTTTTTTATTTCTGAAAACAAGC 

35 81 AGGGAAAAGAAAACCAAAAGACCAGTTTGTTCCTT 

161 GCTAGCCATAAGACCAACAGCACCAGCTTGGTATTTGTTCCCTTGTCGTAAGTTTAACrGATA 

241 TTCATGTTTCAACATCCCTTGGCTAGCLAGAGATCTGCCTPJiAAJ^ 

321 TCTGGAAAGGTAGCCCTTTCTGGATTCTGCCTACCT 



13 



WO 01/63279 PCT/US01/05693 

401 CTAATGATATAGCTGGGGCAGTTACCCATACTCT 

481 ACTGTGTCAAGCX^AGTCCCAAGGAATTT 

561 CTGTTATTTATTGCTTTGTTCCAGGGTCGACTGTCAGGGCT 

641 CACAGC ATGG CT CTTTTCAGTTT ATTGCATGAAGGAGTT ACACT AGT C CAAGTT AAAAG CGGACC C CAAATG ATTACATT 
5 721 ATACAAGCTGTGAGGTTTTTAAACTTGTGACAAGGGACAGAAGGGAAATTC 

801 CTTCAGAGAGCCACAAGCACTTAAAACCCATGAACCTTCAGCTGATCGTCCTTAGCCAGTCCAATCTCT 
881 GCRTATGTTCTTGCGCTGGTCACCCTGTAGCTGAATTACTTCTCCATATTCTGGATGCTCAATTACA 
961 CAAATTTCTTCTTAAACGCCTTC^CTAGTTTCTTTTTATCGTAATCATCAGCGATCCCTTGGACA.GTTG 
1041 CTGCCGTTTCTCTGTTGAATTCTTATATGGATATAATCCTCAGTGCCAGCAGGAAGCAGGTCATCACCCTTACTTGCATC 
10 1121 AGCAAAGGGGTCGAAAGAGTGGAGGTTCTGGATAGCGGACATACGATACGATTCCTTTTCCTCGGTGGAAACGGCCTGCG 
1201 G AAG GOG G CTG CGG G AG AAGGCG GG CGG GG GGGACG G AG CGT CG G G AAGCGAGGGG G CT CG AG GG GGAGG CAG CTG AGT C 
1281 CTCGGCGGCGGCTC (SEQ ID NO: 21) 



CARDIOTOX20 

1 5 CARDIOTOX20 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 GCTAGCAGCAATCACTTGGGGAAGAATCTGCAGTTGCTGATGGACra 

8 1 CAACACAT ACATG AG G AACAGCAG T AAG CAG CAACAG CAGAAACACCAGT ATCAG CAG CGT CG C CAG CAG GAG AAT ATGC 
161 AGCGGCAGAGTCGAGGCGAGCCCCCGCTCCCTGAGGAGGACCTCTCCAAACT^ 
20 241 ATGGACTCGCTGCTC ATTGCAGGCCAGATTAACACTTACTGC CAGAACAT CAAGGAGTTCACTGCCCAAAACTTAGGCAA 
321 ACTCTTCATGGCTCAGGCTCTTCAAGAATACAGTAACTAAGAAAAGGAAGCTT (SEQ ID NO : 2 2 ) 

The cloned sequence was assembled into a contig resulting in the following 723 bp 
consensus sequence: 

25 1 TTTTTTTTTTTTTTTTTTTTTGAACAACGAAGTAACTTTTT 
81 TGCGCCTCTCGA-CTTTGCAGTACAGAAACACATT^ 

161 AGGAAGCTTCCTTTTCTTAGTTACTGTATTCTTGAAGAGCCTGAGCCATGA 
241 TCCTrrGATGTTCTGGClAGTAAGTGTTAATCTG 

321 GAAGAGTTTGGAG AGGTCCTCCTCAGGGAGCGGGGGCTCGCCTCGACTCTGCCGCTGCATATTCTCCTGCTGGCGACGCT 
30 401 GCTGATACTGGTGTTTCTGCTGTTGCTGCTTACTCCTGTTCCrrCATGTATGTGTTGTATTTGATTATGTC 

4 81 TCATCCACCCGGTCCATCAGCAACTGCAGATTCTTCCCCA^^ 

5 61 AGCCACAGCGGACTTCTTCTCAAGCTCCCACATCAGGACATTC 
641 CAAACATGTGTTCJVAAGGTGATGTTTGCCTTTTTC^T 

721 TTA (SEQ ID NO: 23) 

35 

CARDIOTOX21 

CARDIOTOX21 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 TGATGAACAGCTTGGCAGTACTTGATGTGAGGGACTCC^GTTGCACCATTGTCT 



14 



WO 01/63279 PCT/US01/05693 

81 TATAATTCTTAAATGATGTAGAAACGAACAATCTTTTAT 

161 ATTGGTCTGAAATATCAAATACAATTTTCTTCCCCTGTCTAGCT 

24 1 TCTCTGTGCGATATACTAAACTAGACTTTAAGGAATGTT^ 

321 TAATTTGAAGCAAAGTTTGGATATGGTAAGTATCAAGCCAGTGCCTTGTTTAGGGGAGAGGTATTTGCATATGTCTACGT 
401 ATATTTGATGGAGTATGTGCTGGCTAGC (SEQ ID NO: 24) 

The cloned sequence was assembled into a contig resulting in the following 1324 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTCAAGTTTCAGAA 

81 TCAGGGC^GGAACTTGAAGCAACTAGTTATACTCATGAATAAATGCATGCATGGAGAGTGCTCAGCTTGTTCT 
161 TCCAGATTCCTTTGTGTAGAGAATGGTGGTGCCCACAGTGGGCGGTOT 

241 CTCTAAGACATGCCCAGGGACCAAGCTAACTGACACAATCCTGCACTGAGACCCTCrrTCCTAGGTGATGCTAGATTG 
321 CAAGTTGACAAAGCTAGCCAGC AC ATACTCCATCAAAT ATACGTAGACAT ATGCAAATACCTCTCCCCTAAACAAGGC AC 
4 01 TGGCTTGATACTTACCATATCCAAACTTTGCTTCAAATTATTAAGGACCTGCCCTACTT 
481 TAACATTCCTTAAAGTCTAGTTTAGTATATGG 

561 AG AC AGGGG AAGAAAATTGTATTTGAT ATTTC AG ACC AAT AG ATAGGACTAAACTCAAATACTATGTGGTTTTATTTAGA 
641 AATAAAAGATTGTTCGTTTGTACATCAITTAAGAATTATACC^ 
721 CTCGAGTCCCTCACATCAAGTACTGCCAAG 

801 TAACAAGACGAGTATGAAAGGAAACCTAGGTAAGCTATGATGTATA^ 

881 TCAGTAGGAACGGATAGCAGGAGGTACAGTAGCACAGTCAGCCTCATTCAAGGTCTTG 

961 AAGTAACCTTCCCAGTCTTGGTGTCCACATATGAGAGGGTGTGCTTC 

1041 CCCTCGATGGGCTTGGAGTAATCATACTCATCAATCCGCACCTTGTAATCTTCCCraGCATGAGCTCCCCGT 

1121 CCGTGCTTCCGCACCATATATGGTCTGCAGTGCGCACAGCATC 

12 0 1 TCCAGACCATTCCCCTGTCAAACGTCTTCAGATGCTGTAGGTCTCCATA^ 

1281 AGCACACTTCCCACACGGGACACGGCGGCATGGCTCTGCATCGA (SEQ ID NO: 25) 

CARDIOTOX22 

CARDIOTOX22 is a novel gene fragment. The nucleic acid was initially identified in 
cloned fragment having the following sequence: 

1 TGTACATCTGCTGGGGTAGAGCTTCTCTCGAGCAGGCACTCCTGACTC 
8 1 CTTAAACACATCGCTGACTCTCATGTTGTGAGCAGGCAAGAGCC^ 

161 GATTTCCCAGAACAGCACCTTTTCTCTCAGTCGAGTGCAGAGACACATCTCAAAGTCAGOT 

241 AGTGTAAAAAAGGTGAAGGAGAAAAAATACTGTATGCAGAGGJ^GGCCTTCAAGTGTAAGGCAGGTAATGGCCGAAGTAG 
321 GCTGTCGAGGAAGGAGGTCGGTGTGCAGGTGATTCTGTATCTAGA ( SEQ ID NO : 2 6 ) 

The cloned sequence was assembled into a contig resulting in the following 852 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTCCATAGAAAGAAGAAAAATAATTTATT^ 
8 1 TAGAGTTTGGTGTACATCTGCTGGGGTAGAGCTTCTCT 

161 TGC AG CAATTCT TAAACACATCG CTG ACT CT CATGTTGTGAG CAGGC AAG AG CCATATTCAAAGTGGCAGGCTT CAAG AC 
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241 AAGAGTAACAGATTTCCCAGAACAGCACCTTTTCT 

321 CATAATTCAAAGTGTAAAAAAGGTGAAGGAGAAAAAATACTGTAT^^ 

401 GCCGAAGTAGGCTGTCGAGGAAGGAGGTCGGTGTGCAGGTGATTCTGTA 

481 CTGCACTGTGCAGCATGCCCTC^TCCTCAAGGCCAGT 

561 AAACAGAGGATTGAGCTGCGCCAGAATCGCAATCAGCCAAA^ 

641 TGATAACTCCCCGGTTAGGACCCTTGGGGATAAACCAGGGCAC^GGAGGC^ 

721 ATCAAAGGCACAGTGAGG CCGTGGTATTCCATGC CTGCG ACCCCGGAGCCGAACCAGTCCACCGCCTCACTCTCGTCCCA 
801 CCCGGAAGTGTCAACAGAGGCTCACGTGACCGGCGCGCGAAAGCCCCACCCC (SEQ ID NO: 27) 

CARDIOTOX23 

CARDIOTOX23 is a novel 178 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GGATCX^GCACAGAGTTTATTGAGGTGACCCCAGTGTGTCrCTACTCCTCTTTCTCATCCCCGTGGGTGATGATGTAGCA 
8 1 GAGAGACTTGTAGTCGATGTTGCCTGTCAGGTCCATGGGTGTCAGGG CGAACAGCTGCTCCACCTCAG CAGGAGAGAACT 
161 TGTCTGCCTGGGTCATGA {SEQ ID NO: 28) 

CARDIOTOX24 

CARDIOTOX24 is a novel 167 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 TCCGGAGGATG CGATGG CCCTTTACAAGAAGATCCTGAAGTACAAGATGTTAGACX3 AG AGGGAG ATG CCGGGTGCCGAGC 
81 AAATGTGCTTTGAGACC AGCGCCAAGACCGGACAC AACGTGG AC CTCCT CTTTGAAACCTTGTTCG ACCTGGTGGTACCT 
161 ATGATCA (SEQ ID NO: 29) 

CARDIOTOX25 

CARDIOTOX25 is a novel gene fragment. The nucleic acid was initially identified in 
four cloned fragments having the following sequences: 

1 GGATCCGGGGTGTTAGGAGGAGTTGAGGGAGCTTGCTGTGAACCACCTTCCAGGTTACTTCCGTCAATTCTCCCATTCTG 
81 CATGGCAAGATTGTGATTGATTTGTGCTTTTGTTTCGTACTGGA 

161 GCATCTTAAACAGTCTGGCACCGCGATTACCGAAATGGGACAATTCTTCTATCATGA (SEQ ID NO: 30) 

1 NAATTTCCTTCAGGGGTCCAGAATATCCTGGTGCAATGTTCTCCGGATTTGGGGGGCTTCGTGGAT (SEQ ID NO: 31) 
1 CCATGGACACGATGTCGACGGCATGGATCTGGGCAAGA 

8 1 ATTTCGGT AAT CG CGGTG CCAG ACTG TTTAAGATG CGT CAAAGAAGAT CT (SEQ ID NO: 32) 



and: 
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1 TGATC^CGACAGGAATATTCTC^GATATCC^CCCCTTTG 

8 1 AAGGCCAAAAACCTGGGATCTGTTAGCAGCAGTCGTTCGAAGTCTGGAA 

161 AAAACCTCCAAATGGAGTGGCAACTCTGTTAAAGCTCCTGTAATCTGGCAGTTCTGCCTTTCCTTCAGGCTTGAAAAGTT 
241 TCGGGTACAAAGCTTCCAGGAGCTCTGGATCGTCGCCAATGGCCTGCTCCCAGGGAGACTGGTAGTACTTAGGAACAGCC 
321 GTCGTGTTAAATCTTTCAGGAGGAATTTCCTTCAGGGGTCCAGAATATCCTGGTGCAATGTTCTCCGGA (SEQ ID NO:33) 



The cloned sequence was assembled into a contig resulting in the following 1070 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTGAGAGATTCTTAAACCAGAATT^ 

8 1 TGTAACCGCAATTGGATGACCACAGTCACGAGGCACTCAAATGGCTTC^ 

161 GTAGAGCTCTCGGCGGCCTGCCTGGCTTCCCGTTCACAAGTCAT^ 

241 TTGTGATCACGACAGGAATATTCTCAGATATCCACCCCTTTGGTGTCCTATT AAAGCAT CGTCTGCCCGAAAGAGGATTG 
321 GCAAAGGCCAAAAACCTGGGATCTGTTAGCAGCAGTCGTTCGAAGTCTC 

401 CTCAAAACCTCCAAATGGAGTGGCAACTCTGTTAAAGCTCCTGTAATCTGGCAGTTCTGCCTTTCCTTCAGGCTTGAAAA 
481 GTTTCGGGTACAAAGCTTCCAGGAGCTCTGGATCGTCGCCAATGGCCTGCTCCCAGGGAGACTGGTAGTACTTAGGAACA 
561 GCCGTCGTGTTAAATCTTTCAGGAGGAAATTTCCKCTCAGGGGTCCAGAATATCCTGGTGCAATGTTCTCCGGATTTGGGG 
641 GGCTTCGT GGA 7CCGGGGTGTTAGGAGGAGTTGAGGGAGCTTGCTGTGAACCACCTTCCAGGTTACTTCCGT 
721 CCATTCTGCATGGCAAGATTGTGATTGATTTGTGCTTTTGTTTCGTACTGGAAATTTTCAAAGGTGTATTTGTCAGATCT 

801 TCTTTGACGCATCTTAAA CAGTCTGGCACCGCGA TTACCGAAA TGGGACAATTCTTCTATCA TGATGT CT C TG GGGACG C 
881 TAACTTTOTGCCCAGATCCATGCCGTCGAC^TraTGTCCATGGATTTCCTTCGTGATGGCTGAAGCTTGCTGTTTCCT 
961 TGCTTCACCATGGCACTGTGTGATAGCATAGTTTGTTTTTTGTTCCC^^ 
1041 ATCCCAATTGCGGGGAGAGCTGGAAGTGTN (SEQ ID NO: 34) 

CARDIOTOX26 

C ARDIOTOX26 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 TGATCAGTTCTTAGGAGTGAGGTAAGGGACCTTTTTCTCrrCT 

8 1 TCCAAGAATTTAGGAAGCCGGGAGAAGGGGAGGGCAAGTCAGAAGGATCACAAGGCTGGNTGAGTGTGGTGATGCCTGCA 
161 ATACTGGCGGGAGGGTGAGGCAGGAGAATGCGGAGTTCAAGGCCCTCCATGGCTAGAGCTGGGTAGAAANGAGGCGAGGC 
241 TGCAGG<IATCCTCTCTGGGAGATCGAATCTCATAGAAGGGGACT^ (SEQ ID NO: 35) 

The cloned sequence was assembled into a contig resulting in the following 1 143 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTGGTCTTTATT 

8 1 AAACCAAATGAAACAAGTTCCCTGCAAGGACCTAGGCA^ 

161 CAAATCCTTTCTTTGAATATTTGGTCAAAATGGCT 
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241 ATGACAGACTGGTAGAAATACTTGCCCAGCACTT 

321 GTTCTTGAAGGGAAGGAAAAC^GTTATGAAAGGCTCCCATCAGCCACCTCTGCTTCTAGGAGTGCTAGACCCTCCTAGGC 
401 AGAGAAATGGAGTCCTCTCCCCCTCCATAATATTCCCATCAAAATACACAGACATAAATAAATGTAGCCATCACT 
481 AGTTCTTAGGAGTGAGGTA&GGGACCTTTTTCTCTCT 

561 GAATTTAAAAA.GCCGGGAGAAGGCAAGGCCAAGTCA.GAAGGATCACAAGGCTGGCTGAGTGTG 

641 GGCAGGAGGCTGAGGCAGGAGAATGCGGAGTTCAAGGCCCTCCATGGCTAGAGCTGGGTAGAAACCAGCCGAGGCTGCAA 
721 AGATCCTGTCTGGGAGATCAAATCTCATAGAAAGGCACTAGGGT^ 
801 CTAGCCAAACACCGAGGATCTCTGTGAAACTGAAGAAGAGCCCAACAC^ 
881 TTTAGGAATGTCTCCCCACACATCTGGCATGGAGAGCTCCTAG 

961 GTGCACGGTTGTAAGGTTAAACAAAC CACAGCAGTCAAAACTT CTCTCCAGTTCATGCCTGGTACTGTTGCTCAAGACCC 
1041 ACCACGAAGCATTGATGACATCTGCCTGTGTGTTTCT 
1121 AAGACCAAACCCAGGATGATCAN ( SEQ ID NO : 3 6 ) 



CARDIOTOX27 

CARDIOTOX27 is a novel 74 bp gene fragment. The nucleic acid has the following 
sequence: 

1 GTGCACTCTGCAGTGAGGACAATAGATGGCTCACTGTGGCAGCCTGGCTGAGAGGGAACTCTCATGCTGCTAGC (SEQ ID NO: 37) 



CARDIOTOX28 

CARDIOTOX28 is a novel gene fragment. The nucleic acid was initially identified in 
cloned fragment having the following sequence: 



1 AGATCTCGGACTATGCTGCATTCTATCACAATAAATTCTTCTAGCTGTTTAGGATGGCATAAACTATTGAAAGGATGACT 

81 CC^AAGGTGTTCCCATCAATGTC^CAACTTGTAAGGTATTTGGGTCTATGAGATGGATGGCACTAGT (SEQ ID NO: 38) 

The cloned sequence was assembled into a contig resulting in the following 408 bp 
consensus sequence: 



1 TCATGATGGTCTGGATTTTTATTATTCTTCAAAACAGCATGCT 
8 1 GTAGATACAAATCATCACAAAGATTGATCTCCCAGGATATT^ 
161 GAAATTGTTCTAATATGCAAGGATAATGTTGTCTGTCTGTCAC 
241 ATGTATTTGTATACGAGTAACTAGTGCCATCCATCTCATAGAC^ 
321 CCTTCTGGAGTCATCCTTTCAATAGTTTATC 
401 CGAGATCT ( SEQ ID NO: 39) 
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CARIDOTOX29 

CARDIOTOX29 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 GTGCACGCCTTCGACATGGAGGATCTGGGG^ATAAGGCCGTGTATTC 
5 81 CGATGGGGCTCACATAAAGCACAATGAGGAGACTGGAGACAACGTGGGACCTCTGATCA (SEQ ID NO: 40) 

The cloned sequence was assembled into a contig resulting in the following 61 8 bp 
consensus sequence: 



10 1 TTTTTTTTTTTTTTTTTGATTTTGGAATAATTT 

81 AGGAACGGATCCTTACGAGACCAAGATAACCCACAGAGCATGAGGTT^ 

161 AATGTGCACCACGATGTTTCAATGGC^GGCCGATGCCGTGAACATC 

241 AACCTGGGAGGCCAACCAGACAGTGGGTTGGGTGCCATTCTAATTAAATGAT 

321 AGCCTCGCAACTGTCCATTAAGTTTCTTTTTTCTTGATGATC^ 
15 401 TATGTGAGCCCCATCGCAGAACGGGAACTTTTTA^ 

481 TGTCGAAGGCGTGCACAACCTTCGGGTTGTCTTTCTGX3ATCTGAAGGTTCACCATAGCTTTGGTGCGACTCTCTTTAGCG 

561 TAGAACTTCTTGTAAGCCAGGTAACCGATAACGGCTGTGCCAGCAGCAAAGGTCACGG (SEQ ID NO: 41) 

CARDIOTOX30 

20 CARDIOTOX30 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 GTGCACCCTTACATCAGAACAAAAGCTACTTTGAGTTCAA 
8 1 CAGAAAGTTAACTTGAACCAGATTCCTCTTGGCCGTGACA 
1 61 CAACAACXIAAGAGAAAAACAGGCTGCCAGCAAACAGC^ 
25 241 TAGAATTAAATGTATATTTGAATGGGAAAAACATGCATTGT 

321 TATGTTGACGACAGTGCAATTTTGGATTGCCAGTTCAGTGAATTTTATCATACTCCTCCACCTGGTTTTGAAAA 
401 ATTTGAGCAGCAGATCT (SEQ ID NO: 42) 

The cloned sequence was assembled into a contig resulting in the following 717 bp 
30 consensus sequence: 

1 TTTTTTTTTTTTTTTTTGTCAAACAAATACT^ 

8 1 ATACTGTTAATCAAACCCATGGTTTATTTGTTTAAATAA^ 

161 ATGGTATAATGGATATATGGGTTCCTTAGACAACAATAAGAAGCATGTGTTCTTGTCTCTAGATCA^ 
241 AAGTGGTAAGCGCTGTGTGATGGTGCAGAAGTCT AAGTTTTGAAAACAAACTCATTCAGAAGATCTGCTGCTCAAATAGT 
35 321 ATTTTTTCAAAACCAGGTGGAGGAGTATGATAAAATTCACT 
401 GACTGGATACACGGTCCCTCGTATACCTGATGCTGGACAATC 
4 81 GGTCATATGTTATACCCACTACATCrCCCTCCTGAGGAAGGCTGTTTGC^ 
561 TACAGGGCTCCATCATTTCTCATCACCAGGCTATGCATGTC^CGGCCAAGAGGAATCTG 
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641 TGCAACACCTATACCC C AGATTCCGGT AG ACTGG ATTTTG AACTC AAAGTAG CTTTTGTTCTGATGTAAGGGTGCAC (SEQ ID NO: 43 ) 



CARDIOTOX31 

CARDIOTOX31 is a novel gene fragment. The nucleic acid was initially identified in a 
5 cloned fragment having the following sequence: 

1 AGATCTAACTACTCCAACCTTCACAATTCCAGCTACT^ 

81 AGCTACTATAGATATGATTCTTGAGGAGGAGGGAGAGAGGGAG 

161 TTCTCTGGAGTTAGCAGGGAAACAGGACCCTGGGCAAGCAGCTCGGGTGCCCTAGG ( SEQ ID NO: 44) 

10 The cloned sequence was assembled into a contig resulting in the following 546 bp 

consensus sequence: 

1 riTlTlTTTTTTTTTTTGGTGTTTCTCT 

81 C C CT CCTT TG CT AAGAGTTT AT AAAAGC C AG CAACATG AT CAAT AATTT AT ACAC ATGGAG AGTAATACAAAAAAT AATG 
161 AATAAAAGCTAAAGATCTAACTACTCCAACCTTCACAATTCCAGCTACTTGATAATAATAGGAGTAACCCAATGAATACT 
15 241 GTATGGTCTGAAAGCTACTATAC3ATATGATTCTTGAGGAGGA 

321 AGCCCTGGGTGCTT CTCTGGAGTTAGCAGGGAAACAGG ACCCTGGG CAAGCAGCTCGGGTGCCCTAGGAGGTGACTCTGG 

401 GAGAGGATGGGAAGGAAGGAGACACAGCTGGGTGGTCAATTGGACAAGCATTCCAGTATGCCCCCA 

481 CTGTCCTGCCACAGGGAAACCACACGTGCTAGGCAAGCCACTCCCTGCCACAGAGGTGTGGAGGAG (SEQ ID NO: 45) 

20 CARDIOTOX32 

CARDIOTOX32 is a novel gene fragment. The nucleic acid has the following sequence: 

1 TGTACAAGAGAAGGACTAAGAACCAAACTGTTTACAG AGATCCAAG CACGAGTGAGAGAGCACACTCCTCACACGGCT TT 
81 CCGATGATACTCAGGAGGAGCCACTTCATAATCACTGGCACTGAACAGAGTTGCAGAATTCTTTG 
25 161 AATCATGTAGATAGTTCAGTAATAAAGCAAGGCTTTTCTCATCTAGA (SEQ ID NO: 46) 

The cloned sequence was assembled into a contig resulting in the following 920 bp 
consensus sequence: 

1 TTTTTTTTTTTITTTTTGAAATTTAAAGAAAAAATTTATTC 
30 81 TAAAACTGT AG CT ACACG ATG CATTGCGTCTATCATGTTAAAACGTG CATTAGACACAAATACAAAAACCATGAAAACAA 
161 GCCACCATTCTTTAACAATTGAGCAAAGATAAAATGCCTAAGGAACAACATGGATGACTTGCAA^ 
24 1 GCACCATTTAAAAAAAAAAAGAGCACAGATGGATGAGTGTTCAGTTATACACACTGAAGGGAACCTTTG 
321 CAG AG C ATTTTGTCAT AG AG CATT AACACATATTATAAAAGTG CGTAGTGT C^AAGGAACAG AACGA CAGCATT CAAAA 
401 GCAGCTTTGTCAACTAGGCAAACACTCTACAGCATC 
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4 81 TGAAAAAAAGAAAGAAAAAAGGAG CAGTTAACTCCTTTT ATTTTCT CTGTTTAAAATCAAAC AGGAAACAAACATCAACT 
561 CTGTTATACACTAACGGTCTTCAiAGTACATCA^ 
641 GCACCAGTGAGAGAGCACACTCCTCAGACGGCTTTC 
721 CAGAGTTGCAGAATTCTTTGCCAGGTACTTGAGGAAATC^ 
5 801 GAGGTGTATAGGCCAACATCGCTCCAATTCGCACAAACAA^ 

881 GCATCCGGGTGATCGGCCAAAATTTCAGCATACTGTGGTC ( SEQ ID NO: 47) 

CARDIOTOX33 

CARDIOTOX33 is a novel 203 bp gene fragment. The nucleic acid was initially 
1 0 identified in a cloned fragment having the following sequence: 

1 AGATCTCTCTCCTGGAAGACCTGAACCAGGTGATAGAGAACAGGCTCXaAGAACAAGATTGCTTTTATTCGCCA 
81 ATCAGGGTCCGAATCCACGCCCTTTTAGTTGACCGCT 

161 GGAACTGGTCTTTAAGGACATTGTGGAAGATCCTGATAAATTC ( SEQ ID NO: 48) 



15 CARDIOTOX34 

CARDIOTOX34 is a novel 178 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GGATCCCACG C CCTCTTCTGAGGGTACTAGACATGCACACCGTGTGC^ 
81 AACTAAAAACCTGAAAAAGAAAACCAACCCTGCATTTGTGGAGTCATCACAGCCCATAGACT 
20 161 ACCAGAAGAGAAGTTCATGA (SEQ ID NO: 49) 



CARDIOTOX45 

CARDIOTOX45 is a novel 337 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

25 1 TCCGGATGAGCAACCTCACCACAAC&TTTGCATTCT 

8 1 TCAAGATATCGTTCTCCTTCAACTGGATTCCACCCAATGTCTGGGTAACCCTTAGACACCAGCATC 

1 6 1 ACCACAGCCGGCCAGATAGCGAACCACCTTCTCC^ 

241 CTGACGCTGCGGCCACGTCTAATGGAGTTGAACCTCTCATC^ 

321 TAACTGAGATGATCA (SEQ ID NO: 50) 

30 

CARDIOTOX46 

CARDIOTOX46 is a novel 81 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

1 GAATTCTGCGTCAGTCCAGAGACAGTGAATTGAGTCT 
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81 A (SEQ ID N0:S1) 

CARDIOTOX47 

CARDIOTOX47 is a novel 428 bp gene fragment. The nucleic acid has the following 
5 sequence: 



1 TCCGGATGTTAGTTTTGTCTTGACAGACATAGCT 
8 1 GGAACTCATATTCAGTTGCTTCTAGCAAACCTCCGATGGTGA^ 
161 CAAGCACTGTCCCCAGACTGTCrTGTACTCAACCCAGTAGCCAAGGATTTCT 
10 241 CTGGAGGATGACACTGTCTTTGGATATCGAAAGAATCTCGAGTTCTCCTGGTTGGCTTGGCTTATCGAAGGGATCTTTGC 

321 AAACGACGGGTTCAGAAGCAGGGCTGGTCTCGCTAAGGCCC^CGTCATTCTGTGCGATGATACGGAATTGATATTCTGCG 
401 TCAGGAACAAGGCCAGTGACCGTGTACA (SEQ ID NO:S2) 



CARDIOTOX48 

1 5 CARDIOTOX48 is a novel 374 bp gene fragment. The nucleic acid has the following 

sequence: 

1 GGTACCATTTTACATTTGCTTTCTCTCTGGAGAGCTGGCAG 

8 1 TCCAGGTGCTCCACGAATTCCGTTGGGGCTTCGATGATGAGCAGCTCTGGCACGGATTTATCTTGACCAGCAGTAACGAT 
161 GTATCCATCHTCATCTGGGAAGCCACAGTCCTTGATGATTAGAGAGTGCTTGTACTTGTCAATGCGGTATGATATACGG^ 
20 241 TGTCAAAAGCCACTTCTTCCCCATTTTTGGTCCACrrrCAGGGTTACATTGAGACGATTCACCTTGC^ 

321 GACTTCTTCTCCATTGTTTCAATATCTTTAAGGGGTTCGATAATCCTAAGATCT (SEQ ID NO: 53) 

CARDIOTOX49 

CARDIOTOX49 is a novel 429 bp gene fragment. The nucleic acid was initially 
25 identified in a cloned fragment having the following sequence: 

1 ACTAGTCACCTCGATCTGGGCTCTCTCCGTGAGAATGCCTTCAGC^ 
8 1 TGATAGTGACAAACAGGCGCAAAGTGGCACTTGCCCTCAGA 
161 GGGGCTTCCATCCTCTCCTGAGCCACAAt^GAGCCTGGTA 

241 GATACGGAAGTTGTACTCTGTGTTCTCTTTAAGCTTGGTCACTGTGAACTGCrTCCCTTGTAATCCCGATGGTGGCGTAC 
30 321 AGGTAGTCCATTOSTCAGCCGCGGCTTCTTTGAGTTCAATCACATAGGCTCTAACGGGTGCGCCACCGTCGTAAATTGGC 
401 TTATTCCATGCTAGGGAGACAGAAGATCT (SEQ ID NO: 54) 



CARDIOTOX50 

CARDIOTOX50 is a novel gene fragment. The nucleic acid was initially identified in a 
35 cloned fragment having the following sequence: 

1 CCATGGAAAATGGTGTTTGAGGCGAGGGGGTCGGTCACTGTGTCCA^ 

8 1 TTCGGGGTTTGGAAAAAAGGAGGACAGAATTGATTAAAATTGAAATGGAGGATTAT 
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161 TTTTGTTTACT^AATACTACCAAAAGGGTCATGATCGGGAGTGCTAGC (SEQ ID NO: 55) 



PCT/US01/05693 



The cloned sequence was assembled into a contig resulting in the following 1216 bp 
consensus sequence: 

1 TTTTTTTCTTTTTTTTTGAACTTTTGCCACTTTC 
81 TACATCAAATATCCTCAATAGAAGAGGGGATATTGCAC^ 

16-1 TAATTTTT CT ACATT AG AT ATGACTGGAT AGG ATGG AAGTG ATG CAGGATT AT AAGACAT AAT ACCAT ACACAG AGG CAG 
241 ACCGACACAAACACCATTCAGAACAAGAGAGAGAGTGAGCTTCT 
321 CGCATGCGGGGAAAGCAAGGACCGCCGCGGCGTGGGCGGGCGGCTGAGCAGAGC 

481 AATGAATTCTTAAAAGTTCCGGATTTTTGAAATAGTGAATAGTTTTAATACCAGGTGAATAAAACCT 

561 GCGC^TGCTCATCCCTAGGCTGCTTTTGGTGTGTTGTTCA 

64 1 G AAACAGAATCTTTTTCT C CT AAAT CTG AAGTATG AAAGGAAAAAAAAAGG AGAG AAG G AACGTCATT AT CCT AACT C AC 

721 AAATGTCATTGCGAAGCAGGGACCTCCTGTGACAAATGACAGAGGAGGTGAGAAAAAACAACTCCTGA^ 

801 CTCCAGGAGCTAAGATTTGTAACACAAATGGGAGGTGGTAAAATTTCCATT^ 

881 TTAGAAAGCTCCTAAATTTCATAAGCTATTGGAAACACTTAAAACATTC^ 

961 TGTAAGGTTAAGAAAAAAAATTTTTTTCTTTTGAATTCCATGGAAA^ 

1041 CCAGTCCCATCACAAGACTGGGAAAGCATGCATGGGGTTCGGGGTTTGGAAAAAAGGAGGACAGAATTGATTAAAATTGA 

1121 AATGGAGGATTATCTCTAAGATTTAGTCTCTGTAGAAT 

1201 TAGCACAATAGAATTC (SEQ ID NO: 56) 

CARDIOTOX51 

CARDIOTOX51 is a novel gene fragment. The nucleic acid was initially identified in 
two cloned fragments having the following sequences: 

25 1 NAATTTGGTTTATTTCTCTATTCACTTC 

8 1 TTCTGTCTCCAAATTACTCACTAGT (SEQ ID NO: 57) 

and: 

1 TCATGACTGGGAGACTCTGATTCCTCCTCAGTCCACCCAATA 

81 TTTTGAAGACCCAT^TCTGCCTCTCGGCTTTTCCCATTCTCCCGGGGAACAGGGGTCTTGACCACCCTGGCTAT^ 
30 161 CCTCTTCAGCCTGTCCACCAAGTTCATCTTCAGCTC^ 

241 CTTGCAGGAATGTTTCAGCTGGTCTGGAAGCCAAGAAATTC (SEQ ID NO: 58) 

The cloned sequence was assembled into a contig resulting in the following 1 1 15 bp 
consensus sequence: 

35 1 TTTTTTTTTTTTTTTTTGTGTTGTACAAAAATAC 

81 TCTATCTGGGTGGTGTTTGGGTTCTCCGTGCCCCAAAGTCCCCGGAT 

161 ATAAAATTCCTTATTTTGCTAACGCTGAGAGTGCAC 

241 TCCCACAGGCTCGGCTCACACCACTCTGCGCATCCACCAACTCTCCGGAACAGCCTCCT 

321 CCCGGGTTTCCTTCGTAGGCAGGCGCTTCCAGCITGTGTTCTCT 
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401 GTT TCGATAGAA TTTGGTTTA TTTCTCTA TTCA CTTGTTTTCAAGGCAAGAAAAATGTAGttAAAGGAACAACTAGC CCT 
481 TTCTTCCATITCTGrCrCCAAArT^ 
561 TATCCCTCACTAC^CCCTCTCCACATTCACAATCCTT^ 
641 CAGTGCATCTATCCTTCATGTGCTAATTTATTT^ 
5 721 TTTTGGGa^GGTTGTGO^CTGGGGCTCCAAAGCTACCCATCATGACTGGGAGACTCTGAT 
801 AATAAACTGCCACCAGAATTTAAATAGAaAGCAGAGTCTGGT 
B 8 1 CTCCCX3GGGAACAGGGGTCTTGACCACCCTGGCTATTCCCAGCCTCTTCAGCCT 
961 CAACATCAGGAGGGGCCCTTGAAGGTCTCAAGCCATACATTTCTTGCAGGAATG 

1041 TTCTCGGAGACATGGACACGGGGTTCAAAGGGCACGGGGGAGGAACATGGTGACTGCGACGGAGGCGC^ {SEQ ID NO: 59) 

10 

CARDIOTOX52 

CARDIOTOX52 is a novel 1 53 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 TGATCAATCTACTGTGAAAGACTCTCCTCCTGATACCTGTCCTCCTTCTGTAACGAAGCTTACTTAGCTTTTAGCTGTGA 
15 8 1 AAAACTCTGGGAACTTC CCC ACCCATTAATTCTTAT AAAGT CAAGTCCCCAAACTGGATGTGT CTCAGTGCAC (SEQ ID NO: 60) 

CARDIOTOX53 

CARDIOTOX53 is a novel 89 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

20 1 AGATCTGCAGCATGACCGGGCCCGTCTCTGGGT03T^ 
81 AATGCTAGC (SEQ ID NO: 61) 

CARDIOTOX58 

CARDIOTOX58 is a novel gene fragment. The nucleic acid was initially identified in a 
25 cloned fragment having the following sequence: 

1 CCTAGGAAGCGGAGGTTTAGAATCTTGATCTGCTGGTCTTCCAGGTCCATTCGGATGATGCCATCCTCACCATCAATACT 
8 1 CAGAAGGACCCCGGTAGCCTCTCGGTCCTCACCCAGAA 
161 GATGCTCACTGGAGATACTGACCACCTTCTCACTAT 
241 ACGCCTGTCTGCCCCACTATTTGTGTGTCCAGATAGGTGT 
30 321 GGAGTTCTGCTCAATGCCTGAGCCTGGTGTGTGGGGATTGTAGCCTCCAGGAGAAGGAGCTCCAGGGGTCATT 
401 AGCCAACAGGGCTGGGGCTGGGACTAGCCTGATAGGCCATGG ( SEQ ID NO: 62) 

The cloned sequence was assembled into a contig resulting in the following 710 bp 
consensus sequence: 

35 1 TTTTTTTTTTTTTTTTTTTTTTTTCAAACAGTTTCTCT 

81 AAGAAGGCAGGACATTCCTCAGACTGCTCTGATTCCTAGAGTACCAGGGGAGGAGGAAAAGGAAATCCAGAGTGATTGCC 
161 CTGGCTTGCCCC^GACTCGGGGTTCCATCCTAGGCCAAGCAAGGCCAAAGCGGGCTGCTTGCT 



24 



WO 01/63279 PCT7US01/05693 

241 GCTTGGGCCTCAGGCCTCCAGGAGCTTCCC 
321 GGATGATGCCATCCTCACCATCAATACTCAGAAGGAC^ 
401 TTGTTCTTGGTCGGGGTGATGGGCTCCAGATGCTCACT 
481 GGkCATGCCTCCCGTGACACTGCXSGATG^^ 
5 561 CCTGGATATCAGTGGTCACCCAGTCACTGGAGTTCTGCT 

641 GAAGGMCTCCAGGCXSTC&TT^ <SEQ ID NO: 63) 



CARDIOTOX59 

CARDIOTOX59 is a novel gene fragment. The nucleic acid was initially identified in a 
1 0 cloned fragment having the following sequence : 

1 GCTTATGGTAAGGAGGCTCCATTTCTCTTGTCCTTTCGTACTO 

8 1 CTCCGGTCTGAACTCAGATCACGTAGGACTTTAATCGTTGAACAAACGAACCATTAATAGCT 

161 CCTGJITCCAACATCGAGGTCGTAAACCCTAATTGTCGATA^ (SEQ ID NO: 64) 



1 5 The cloned sequence was assembled into a contig resulting in the following 1 6 1 8 bp 

consensus sequence: 

1 TCCATTTTGTTCCTTCCTCCGGTTGTGCCCCCCGGT 
8 1 ATATATACTTTATTGAGATTTTTTTCM 

161 GTACTGGGAGAAATTGTAAATAGATAGAAACCGACCTGGATTGCT 
20 241 TTG AAQAACG AACCATTAATAGCTTCTGC ACC ATTGGG ATGTCCTGATCC AAC ATCG AGGTCGTAAACCCTAATTGT CG . 
321 ATATGAACTCTTAAATAGGATTGCGCTGTTATCCCTAGGG 

401 TAGTATTACTTTGACTTGTGAGTCTAGGTTAAAATCATTCGGAGGATTTTTTATTCTCCGAGGTCACCCCAACCGAAATT 
481 TTTTAGTTCATATTTATTTTGTTTTAGCCCATTAGGTTGTTTTTATATAAGTTGAACTAGTAAATTGAAGCTCCA 
561 TCTTCTCGTCTTATTGGGAGATTCCAGCCTCTTCACTC^ 
25 641 CTCGTTTAGCCATTCATTCTAGTCCCTAATTAAGGAACAAGTGATTATGCTACCTTTGCACGGTCAGGATACCGCGGCCG 
721 TTT AACTTTAGTC AC TGG GCAGG C AATG C CT CTAAT ACTTGTTATG CT AGAGGTG ATGTTTTTGGT AAACAGG C GG GGT T 
801 CGTGTTTGCCGAGTTCCTTTTACTTTTTTTAATCTTT^ 
881 AATTTTATTGTTGGGTTAGTACCTATGATTCGATAATTG 

961 TTGGTTCTTGTTACTCATATTAACAGTATTTCATCTATGGGTCTATAGATTAGCCCAATTTGTAATATAGGAATTTA 
30 1041 AGGTTTGTGGAATTAGTGTGTGTAAGTATGTATGTTGAGCTTGAACGCTTTCTTTATTGATGGCTGC 
1121 ATGGTTAAGTGGTTGTAGTTGTTTATTCACTATTTAAGGTTTT^ 

1201 TTTTAAGTTTACATTTTGATTTGTTGTTCTGATGGTAAGCTTAAAGTTGAACTGAAATTCTTTTTTG 
1281 CACCAAGCTCGATAGGCTTTTCACCTCTACCTAAAAATCTC^ 
13 61 TGTTTTTAGGTAGCTOSTTTGGTTTCGGGGTTCTTA^ 
35 1441 CAAAAGGTACAAGGTTTAATCTTTGCTTATTT 

1521 GCTCCTGGTAAGTAAATTTCTTTCTCCAATAC^ 
1601 GGTTGGTTGCCTCGTGCC (SEQ ID NO:65) 



CARDIOTOX60 



25 



WO 01/63279 PCT/US01/05693 
CARDIOTOX60 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 TGTACAGGCTGTATTCCTCATGCCCAATGGCACGCTGTCTGCCCCGAGTGGAGATCT {SEQ ID NO: 66) 

5 The cloned sequence was assembled into a contig resulting in the following 186 bp 

consensus sequence: 

1 NAATCT CTTTGTTGCCTAGACCTGTGCCCCTGCCACAGAGCCTCGCAGGGACTGGTCACCTGCCGTGTG CTGG CTGCTGC 
8 1 TGAGTCACTCTTCTGGAAGCTGGGGCAGAGGTGGCCAAGATGTC^ 
161 TGGGCATGAGGAATACAGCCTGTACA (SEQ ID NO: 67) 

10 

CARDIOTOX61 

CARDIOTOX61 is a novel 238 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GAATTCGCCCTAAAGATGCTGCAGGACTGTCCCAAGGCACGCAGAGAGGTGGAGCTACACTGGAGGGCCTCCCAGTGCCC 
15 81 AC!ACATCGTGCA(^TCGTGGACGTCTATGAGA 

161 ATGGTGG AGAG CTC T T TAGT CGG ATCCAGGAC CGAGGAGACCAGG CATT CACAGAAAG AGAGG CAT CAG AGAT CATGA ( SEQ ID NO : 6 8 ) 

CARDIOTOX62 

CARDIOTOX62 is a novel 173 bp gene fragment. The nucleic acid was initially 
20 identified in a cloned fragment having the following sequence: 

1 CCATGGTGGGG CCTCACGGCTACAT CTCTG CATCTGACTGGCCTCTCATGATTTTTTAC^TGGTG ATGTGTATTGTTTAC 
81 ATATTATATGGTGTCCTCTGGCTGCTGTGGTCTGCCTGTTACT 
161 TGTTATTTTCCTAGG (SEQ ID NO: 69) 

CARDIOTOX63 

CARDIOTOX63 is a novel 133 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GTGCACTCGAATTCCAGGTCCTACCTGTGGCAGGAAGAGCCCATGAT 

8 1 CCAGAGCTCCCCTCTGACCAGCAGAGATAGCCCCTGCCAGCCCCAGCTAGC (SEQ ID NO: 70) 

CARDIOTOX64 

CARDIOTOX64 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the follo^ving sequence: 
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1 TCCGGAAGAGCAATCAGTGCTCTTAACCGCTGAGCCACCT 
8 1 CCTTTCACAAGTCGGCATCGAAACTT^CAAGTGTCCTCAAAGTCCAG 
161 CTCAATAACTTCCCTCGCAATGTTTTCTTGACTMTGC^ 
5 241 AGGAGATTGCCTGCGC&GAAAGGACCGGCCGGAGAAGGGCAGTTTAT^ 

321 CTCCGAAGAGGAATGCTTCACTTGGGATTTGATTTCTCAATTG (SEQ ID NO: 71) 



The cloned sequence was assembled into a contig resulting in the following 477 bp 
10 consensus sequence: 

1 ATTATTTATATGAGTACACTGTAGCTATCTTCAGACACAC 
8 1 CATCATGTGGTTGCTGGGATTTGAACTCAGGA 

161 CCCTGAAGGGCTCTTTCAAAGGTTTATTCTTTCTCCTTTCACAAGTCGGCATCGAAACTTC 
15 241 GGGCTCCTTGGACTCCATAACGTTTCTCCGCAATCTCAATAACTTCCCTCGCAATGTTTTCTTGACTGGTGCCCTTCACG 
321 CTGATATATTTGCAGTCGGAGCTGCCATAGTGGCAGGAGATTGCCTGCGCAGAAAGGAC 

401 TCAATCCCATTGTGCCCCGAAACCAAGCAGA (SEQ ID NO: 72) 



CARDIOTOX65 

20 CARDIOTOX65 is a novel 41 3 bp gene fragment. The nucleic acid was initially 

identified in a cloned fragment having the following sequence: 

1 CAATTGATGCTGATGTGACAGTGATAGGTTCTGGTCCTGGAGG 
81 AAGACAGTCTGCATTGAGAAGAATGAAACACTAGGAGGAACAT^ 
161 AAATAATTCTCATTATTACCATTTGGCCCATGGAAAA^ 
25 241 ATTT AG AG AAGATGATGGAG CAGAAG CGTT CTG CAGTAAAAG CATTAAC AGGGG G AATTGC CC ACTT AT TCAAACAAAAT 
321 AAGGTTGTTCATGTCAATGGATTTGGAAAGATAACTGGCAAGAATC^^ 
401 GGTTATTGGTACC (SEQ ID NO: 73) 



CARDIOTOX66 

30 CARDIOTOX66 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 TGATCATAATCTGTGAAGTCACTCCTTGTTCATGAGAGCAGATTTTTAAC^GACGAGTATGAGAGGAAACCTAGGTAAG 

81 CTATGATGTATAATCACATAAGCTGGTCCTGTAGCTGTCAGGTTTTTCAGTAGGAACGGATAGCAGGAGGTACC (SEQ ID NO: 74) 
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The cloned sequence was assembled into a contig resulting in the following 726 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTCAAATAeTATGTGGTTTT^^ 
8 1 TACCAGTTTATCACTGCACAAGAATGAGAG^ 
5 161 CAT AAT CTGTG AAGTG ACT CC TTGTT CATG AG AG CAGATTTTT AACAAGACGAGT ATGAG AG G AAAC CT AGGTAAGCT AT 
241 GATGTATAATCACATAAGCTGGTCCTGTAGCTGTCAGGTTTTTCA^ 
321 CAGCCTCATTCAAGGTCTTGTCAATAACAGGTCTGTAATCCAAAGTAACC^ 
401 GTGTGCTTCCTCCA^TGTTCCGCAAATGGCTTCTTCTGCTGGCCCrCGATGGGCT 

481 CACCTTGTAATCTTCCCTGGCATGAG CTCCCCGTGACTCCTTCCGTGCTTCCGCACCATATATGGTCTGCAGTG CGCACA 
10 561 GCATCAGATTCTGCAGCTCCAGCGTCTCCACCM 

641 AGGTCTCCATAGAGCTGGCTGACTTTTTCAGAGCCTTCTTGCAG^ 
721 CATCGA (SEQ ID N0:7S) 

CARDIOTOX67 

1 5 CARDIOTOX67 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 TGTACGGTCATTTCTTCTGCCTTCCGTCrCTGCGACTCTCGG 
81 GA (SEQ ID NO: 76) 

20 

The cloned sequence was assembled into a contig resulting in the following 440 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTATTTATATCATT^ 
25 81 TCCAGATC1ATATCTCTTAAACTTTCTTGATTCTGTT 

161 TT ACT ATAAAGAAAGGAG CAG CAAAT C CAG AT C CAAAGT AC ACGGT CAT CATAAG CAAT AACCG C CACTTGT TTTC CACT 

241 GAAAACGGCAAATTCTTCCCCGGACCCTCCTCATAGTGGCTGCGACG 

321 GCCCAACATGCTGCTGCTGGAAGTTCTCCGAGAGTCGCAGAGACGGAAGGCAGAA 

401 CTTTCTTCACGACCTTGCTATCCGGAACGAGCCTCGTGCC (SEQ ID NO : 7 7 ) 

30 

CARDIOTOX68 

CARDIOTOX68 is a novel 276 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

35 1 GGTACCATCTCCTGGCCATCCCCTCGATTAACCAAGCTATT^ 

81 TCCCGGGTGCAGCAGATGCCTCGTGTGGTAGTTCTAAATTTAAATTTCACTGGAAA 
161 AGCAAAATAAGAGAAGCATCACCLACCAATGAAGCTG 
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241 TGATGTATTCTTTTTCATGTCAGCATATGTTCAATTG (SEQ ID NO: 78) 
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CARDIOTOX69 

CARDIOTOX69 is a novel 149 bp gene fragment. The nucleic acid was initially 
5 identified in a cloned fragment having the following sequenced 

1 GGTACCACTGTTTTCCTAGTTTCCTTTGTTATCTGTCCAT 

8 1 TTGAATTCCCACAGCTGCCTCTAGCTTTGTGGACTTGGCGGTGGCMCCACCACGGATGCAGCAATTG (SEQ ID NO: 79) 



CARDIOTOX70 

10 CARDIOTOX70 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 AGATCTGGAGAATTGAAGGTTCCAACAAGGTACTGGTGGACCCCGCCACATACGGCCAGTTCTATGGAGGTGACAGCTAC 
81 ATCATTCTGTACAACTACCG CCATGGTGGCCGCC AG GGACAGATCATCTACAACTGGCAGGGTG CCCAGTCTACCCAGGA 
161 TGAGGTCGCTGCTTCAGCCAT CCTGACTGC CCAGCTGGATG AGGAACTGGGAGGAACTCCTGTCCAGAG CCGAGTGGTCC 
15 241 AAGGCAAAGAGCCTGCACACCTCATGAGCTTGTTTGGTGGGAAGCCCATGATCATCTACAAGGG 
321 GGTGGGCAGAC AACCC CTGCCAGTACC (SEQ ID NO: 80} 



The cloned sequence was assembled into a contig resulting in the following 467 bp 
consensus sequence: 

20 1 AGTACTGGCAGG<3GTTGTCTGCCCACCATCTCGGGAGGTGCCACCCTTGTAGATGATCATGGGCTTCCCACCAAACAAGC 
81 TCATGAGGTGTGCAGGCTCTTTGCCTTGGACCACTCGGC^ 

161 GTCAGGATGGCTGAAGCAGCGACCTCATCCTGGGTAGACTGGGCRCCCTGCCAGTTGTAGATGATCT 
241 ACCATGGCGGTAGTTGTACAGAATGATGTAGCTGTCACCTCC^^ 

321 TGTTGGAACCITCAATTCTCCAGATCTGTTTCTGGCCAGTTCCGTCATCATCCATGCCGTGC 
25 401 GAGGTGTGCAGTGTAGCAGCATCGAAAGGCACGCGCTCCACGTTGGCAATGTGGCTGGAGAGGTACC (SEQ ID NO: 81) 



CARDIOTOX71 

CARDIOTOX71 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

30 

1 TCATGAAGGGCGTGGAGTAGACACTGGCTTTGCACAGAGTTC 
81 AGGAGTGCACCCGGC (SEQ ID NO: 82) 
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The cloned sequence was assembled into a contig resulting in the following 535 bp 
consensus sequence: 



1 TTTTTTTTTTTTTTTTTTCCAAGGAGAGAGGAT^ 
5 81 AAGTTTCAAGGACACAACCAGGTTCAGAGAGTCTAGAGAACCCGGGTC 
16 X GAACAGGCA.TGGGCAACTCTGTGCAAAGCCAGTGTCTACTCCACX3CC 
241 TCGGCCATCGTTGTTCTTGTCACCGTCCTTCATGAGCTCTTCGATGTCATCTTC 
321 GCATCATCTTC&GTTCATCCAAGTCAATGTAGCC^TCAG 
401 TCAGACTTCCCTTTGCTGTCATCCTTCATC 
10 481 ATCCTCATCTACCTCGTCGATCATCTCCTGCAGCTCCTCAGGTGTGGGGTTCTGT ( SEQ ID NO: 83) 



CARDIOTOX72 

C ARDIOTOX72 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

15 1 GCCGGGGACACTGCCTGGGCCTGAGTATGGGGGCATTCTCTTGATGCAG^ 

81 GAAGTTCCTCTGCCAAGATGTAAGGCTTATCAGAAGCCAGAATCCGGAAGGAGGCGATGACCTGTTCTGCAGTGTCCGTG 
161 TCTGCGGTCTCTCTAGTCATGA (SEQ ID NO: 84) 

The cloned sequence was assembled into a contig resulting in the following 445 bp 
20 consensus sequence: 

81 G CATCAGAGGTCGCTCTCCCCGTAGAGGGCAGAGGAGAAGGCAGTGT AGTCCAGGG CCCCGGGGACACTGCCTGGG CCTG 
161 AGTATGGGGGC ATTCTCTTGATGCAGTACTGGGCCTGATCCGG AGGCAGCTCTCGACGAAGTTCCTCTGCCAAGATGTAA 
241 GGCTTATCAGAAGCCAGAATCCGGAAGGAGGCGATGACCTGTTCTGCAGTGTCCGTGTCTGOMTCTCTCTAGTCATGAA 
25 321 GTCAATGAAGGACTGGAAGGTGACTGTGCCTTGTCCGTTGGGG 

401 CCAAGTCATAGCCCATGGAAATGAGGCAGGCCCTCGTGCCGAATT ( SEQ ID NO : 8 5 ) 



CARDIOTOX73 

CARDIOTOX73 is a novel 246 bp gene fragment. The nucleic acid was initially 
30 identified in a cloned fragment having the following sequence: 

TCCGGAGTGGGATGCCCACTTCATCGATAGAC^ 

AGCCCTGATGGGCGAGGTGAGTTCTGCCGGGGTTGGCACTGGGTCCTGCrCACCCACT CTT CTCT CTGAGGCGGGATCTGAAAGACTACTGAGTCGT 
TTTTGCTGTTCTCGGTTGTGCTGCAAGAGCACAATGGTAGGGTTGACAATTG (SEQ ID NO: 86) 



35 CARDIOTOX74 
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CARDIOTOX74 is a novel 126 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 



1 CAATTGTATTCTTGCTGACTAAGGTTCAAGGAGACTGGTTTTTCT^ 



8 1 AGAGTTTAGTCTTATCTTGTCATGAGCTGGTAACCACTGGGGTACC ( SEQ ID NO: 87) 



5 



CARDIOTOX75 

CARDIOTOX75 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 TCCGGAAATGTGGGAGCTGAGCGCCCGGCAGACACGCTGCTATGCA^ 
10 81 TCCAATTG (SEQ ID NO: 88) 

The cloned sequence was assembled into a contig resulting in the following 370 bp 
consensus sequence: 

1 TGTACAGGAGGTGAGCAAAGGCAGGGGAGAGGAGAGGTTCTGGAGCGGGGTTGGCATGAGCTGGGAGCTCCACAATAGCC 
15 81 GTGGCCCTCTGAGAAAGAAGGGTAGTGTTTGTGAGGCCAGATGC^ 

161 TGGCCATTTGGCTATCTGCCTCTTCAGCTATGGACTTTATTTATGGGAAGATTAAACAAGGTGAGAAAGCT 

241 ACAAATCCCTAAAAGCAAGCCCCAAATAGCCCCTGCATAGCAGCGTGTCTGCCGGGCGCTCAGCTCCCACATTTCCGGAG 

321 TAGCATGAAACTTGTCAGCCCTTATCCTAGGCCCTGGGATGTTAAAGCTT (SEQ ID NO: 89} 



CARDIOTOX76 is a novel 337 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 AAGCTCGAGGGTGGAATCAAGGTACCAGAATGTGGATATTTCT^ 
8 1 TGAAAGCTCCCAAGTTCAAGGTGCCAGGCGTGGAAGCCGC 
25 161 CAGGCAAACCTGGACACACCAGACATCAATATCCAAGGTCCGGAAGCTAAAA 
241 TCCTCAAGTCTCCATACCCGATGTGAATGTTAAATTGAAAGGACC 
321 AGGGACCTGACGTAGATCT (SEQ ID NO: 90) 



20 



CARDIOTOX76 



CARDIOTOX77 
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CARDIOTOX77 is a novel 100 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 



1 CC^TGGGCACAGGCTGCGCCCGAGGCTTCCTGGCAGCCTTTGACACGGCATGGA^ 



81 CCTCCCCTGGAGGTGCTAGC (SEQ ID NO: 91) 



35 
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CARDIOTOX78 

CARDIOTOX78 is a novel 44 bp gene fragment. The nucleic acid was initially identified 
in a cloned fragment having the following sequence: 

1 GCTAGCATGACACCAACAAGGACCCTATCTTGAGGAAAAGATCT (SEQ ID NO: 92) 



CARDIOTOX79 

CARDIOTOX79 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 CCTAGGACTGTGGGGACACTTGGGCCTTCCGCATGGATCGAAGGGCCTTCTCCOTAAGGTGCCTCTCTAAGTCATCAAGG 
8 1 TTGTCATCTTCAGCTTCACTCTCAGTCTCCTTCCTGGGCTCTGGTGCTGC(^CAGGCTCTTCCTGGGCTGATGGAGTGGC 
161 GGCAGC^GAGACAGCTGCAGGGGCGGCAGGAGCTGGGGTGGCTACGGCCACAGCCTTCTCCTTCTTGTGTTTTTTGTGCT 
24 1 TCTTGTGTTTCTTATCCTTCTTATGTTTCTTGT^ (SEQ ID NO: 93) 

The cloned sequence was assembled into a contig resulting in the following 698 bp 
consensus sequence: 

1 CCTAGGACTGTGGGGACACTTGGGCCTTCCGCATGGATCGAAGGGCCTTCTCCCGAAGGTGCCTCTCTAAGTCATCAAGG 

81 TTGTCATCTTCAGCTTCACTCTCAGTCTCCTTCCTGGGCT 

161 GGCAGCAGAGACAGCTGCAGGGGCGGCAGGAGCTGGGGTGGCTACG 

241 TCTTGTGTTTCTTATCCTTCTTATGTTTCTTGTCCTTCTTCTTCTTCTTCTTCTTTCC ACCTCCTTCTTGATC AG AATTC 
321 CTGGCAGGGGACGGGCTTGGTGTTGGGCTTTTAGCCTTCTTGGCTGGTGCTGCAGGTGACCAGTTTGTGGAGGGTGACTG 
401 AGACTGCACAAGAGAGGGGGGTGCTGGAGGCTTTTTAGCTGTTGGCTCAGGAGATCCAGAGACAGAGCGGGAAGATGAAA 
481 CCCTTCTTACGGACTGAGGGCTTGGTGAGGCAGCCTTTTTTATCTTTTTGGGTTCCGGAGTCCTGGAGACTCTCCTAATA 
561 GGCCTAGTACTCGGAGAaSGGGACTGCerTCCTTGGGGAGACGCTGAAGCTCCTCrTCGAACAGGGGGAGGGCTTGAGGT 
641 CTGAGGCGCCCGAGGTCGTGGTGAGGGCGAGTGCCTTTTGTTTGGTTGTGGTGACCGG (SEQ ID NO: 94) 



CARDIOTOX80 

CARDIOTOX80 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 GGTACTTTTAAGATAAAGTCTAGTCCAGTTTAAATGTCAACTAGTGCAAAAGCTAGTGACAAAGCT 
81 GCCAACIACTACAACATAAACACTTTGTATTCAAA 

16 1 AAATATATTGCTGCTGTCCAGCATGCTTTTTTTTAAAATCCAAACACAAGGCCAGGAG 

241 TAACTTCCATTACACTACACATTTAACAAT (SEQ ID NO: 95) 



The cloned sequence was assembled into a contig resulting in the following 660 bp 
consensus sequence: 
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1 TT m TTl T lTl TTm'J CTTTGAATTCG^^ 

81 ACACGGGATAAGGTTGGAAAATTAAGATGAATTGCT 

161 CTT T AAAAG CTTTTAAACT AG ATACT AACAT AAAT AAGCATTTCT AT CTAAATTG AGG CAT ACTGATTTT CAATAGAATT 
241 ATAAT ATCAATTG CATGGCAGTAAACAAACATTT AAG CATTGTT AAATGTGTAGTGTAATGGAAG TT ATCT ATT CTT CAA 
5 321 ATTAACTATCCTCCTGGCCTTGTGTTTGCrATTTTAAAA 
401 ATACCATTAATAATTTATAAAGTGAATTCTAT^^^ 
481 CCAGCTITGTCACTAGCTTTTGCACTAGTTGACATTTAAA 
561 AATATTTTATGTCCTCTAAGGTTTCCCATTTTGTTTGGGAGACGTAGTT^ 
641 AATTGTGTCTACATGAAGAG (SEQ ID NO : 9 6 ) 

10 

CARDIOTOX81 

CARDIOTOX81 is a novel 1 15 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GGATCCAAAATAAAATCAAGTTCCTAATGGTGGGAGGTGTCAATCCTC 
15 Bl AAATTTGCAAGACAGGTTTAAAGGAGTAAGCTT (SEQ ID NO : 9 7 ) 



CAKDIOTOX82 

CARDIOTOX82 is a novel 294 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

20 1 GCCGGGGGTCCAGAAGGGAGAGTCCCAGACTCG^TACTCT 

81 TGCCGCACTGGTCAGAGATGCTGTGCGAGACCGAGACAGGCGAG 
161 CGAAGTACTTGAAAGCTTCTGTCAGCTTGCCTG^ 

241 GAGGTCTGTGTGGGGTCCAGTTTTGAATTACATTCCACCACGGCATCTTCATGA (SEQ ID NO: 98) 

25 CARDIOTOX83 

CARDIOTOX83 is a novel 198 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GCCGGCCAAGC^ACAGCAAACAATGCCCCTCCTCCCCTGCTCCTGC 

81 AGGGGTTGTGGAAGCAC^GGACCTGTCGGGCTGCAGGGAGCATAGCTGGCTCAGCATAGTTCACAC^AAGTGCC^TGCTT 
30 161 ACGCACTTCGGAAGAGACCCCAGTGGATCAGGGTCATGA (SEQ ID NO : 9 9 ) 

CARDIOTOX84 

CARDIOTOX84 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

35 1 GAATTCA.CCAACATGATGATGAAGGGGGGGAACAAAGTTCTGGCCCGATGACTCATG 

8 1 AAGGAAGCAGTTTGAAAAGTACCGTGCGGCCTC^CAGAGGAACAGGCAACCATTGAACGG 
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161 ACGAGGCACTGAGAAACTGTGAGCCTGTGATTGGGTTGGTGCCTATCCTCAAAGGGGGTC^ 
241 CCTCTGGCTGACCGACGCCGGCGCTTCCTGGCCATGAAGTGGATGATCA (SEQ ID NO: 100) 



The cloned sequence was assembled into a contig resulting in the following 730 bp 
5 consensus sequence: 

1 TTTTTTTTTTTTTTTTTTCAAGTGTTTCACTTTTATTAGTGGTAATATGTGTATATA 
81 TATACCATGTGTATACCACAAO^TCAGAAGTTGTCTTTGGAACGG 

161 CTGGGAATCAAACCAGGTCCTTTGGAAAGAGCAGTGCTTTTCACCACTGAGCCATCTCTCCAGCCCCTCGAGTGGTCTCT 
241 TGTGGCAGTGTGTCCTTTCCCCACCTCTCCTTTCCTGCTACCACCAGCGGTAGTGGG CCAGGGCACGGTTGG CCTCAGCC 
10 321 ATCTTATGCATATTGTGCTTCCTCTTGATCACGGGACCCCTC^ 

401 TGGCATCAGCATCCGTCGAGGCTTGTTCTCTCGGCACTCTGTGATCATCCACTTCATGGCCAG 

481 CAGCC AGAGGC AC AGGG ACCTGGT AGAAATGACCCCCTTTG AGG ATAGGCACC AACCCAATCAC AGGCTC AC AGTTTCTC 
561 AGTGCCTCGTGGAAGATCl^GTAGGGGTTCCGTTCAATGGTTGCCT^ 
641 CTGCTTCCTTTTCACGGCTTCCAGAGTCTGGGCCATGA 
15 721 TGGTGAATTC (SEQ ID NO: 101) 

CARDIOTOX85 

CARDIOTOX85 is a novel 294 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

20 1 GAATTCTATCTTCCACTGCCCCACCCAGGCCCAGGCTGCAGTAGCCCAGTGCTTTGAACCGGAAGCAGCAACACTTTGGA 
8 1 CAACCO^CAGCTACTTTTTGCAGCTGCCACAGG^ 

161 GGGCCTCAAGCTCTGGATCTCCCAGGGGAGCTACTTCCTCATTGCAGACATCTC^GACrTCAAGAGC^GATGCCTGACC 
241 TGCCTGGAGCTGAGGATGAGCCTTATGACAGACGCTTTGCCAAGTGGATGATCA (SEQ ID NO: 102) 

25 CARDIOTOX111 

CARDIOTOX1 1 1 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 CGGCCGCATCACCCTGGAAGAGTATCGiU^TGTGGTGGAGGAACTGCTCTCTGGAAATCCTCACATCGAGAAGGAGTCAG 
81 CTCGGTCCATCGCCGACGGAGCCATGATGGAGGCTGCCAGCGTGTGCGTGGGACAGATGGAACCGGACCAGGTGTACGAG 
30 161 GGGATCACCTTTGAGGACTTCCTGAAGATCT (SEQ ID NO: 103) 

The cloned sequence was assembled into a contig resulting in the following 593 bp 
consensus sequence: 

1 TGCGTAAGGGGTCCAGCXpGCCTGGCCGATGAGATCAACTTCGAG^ 
35 81 GAC^CTACCCTGGGTGAGGAACAAGTGGAGCTGT CTCGGAAGGAGAAG CTGAAATTTCTGTTCCATATGTATG ACTCGGA 
161 CAGTGACGGCCGCATCACCCTGGAAGAGTATCGAAATGTGGTGGAGGAAC^ 
241 AGTCAGCTCGGTCCATCGCCGACG^3AGCCATGATGGAGGCTGCCAGCGTGTGCGTGGGACA 
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321 TACGAGGGGATCACCTTTGAGGACTTCCIX3AAGATCTGGCAGGGCATC 

401 CAACATGGAGACCATTGCCCTCTGCCACTGATCGTGCAGGGGAGGGGGTGGCTAAGGACCG 

431 GGCTGCTGTGACAATCAGTAACCCTTCAGTTAGCCTCCTTC 

551 ATGGTGACAATAAAGGTTTCCTAATGAGCCCGG (SEQ ID NO: 104) 



CARDIOTOX112 

CARjMOTOXl 12 is a novel 179 bp gene fragment. The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 GGATCCCAGCGGATAGTACACCTATCACTGGACACATCCGCGATTTT 
81 ATTGACAGTOSCATAGGCCACAAAACTGCC^CTGGGTTAGTTC 
161 CTTTGGTAAGGGAGAATTN (SEQ ID NO: 105) 

CARDIOTOX113 

CARDIOTOX1 13 is a novel gene fragment. The nucleic acid was initially identified in 
two cloned fragments having the following sequences: 

1 NAATTTTGAACGTGACACyuU3CTCGAGTAGCATCTAGCT 

81 TACCATAGTTTTGTAAGTTTACCTTTGAGTACAGGTAATTTGAACTGTGAAATCTGTACGACaACACGGGGTGCACTAGT (SEQ ID 
NO: 106) 

and: 

1 TC T AGAC AAT AT AAACT C CTCATAAAG G CCCTT CAGTTAC CTGAACCTG ATTT AG AAATT CAATG ATTTG AAGCAAAT AT 
81 GTACA (SEQ ID NO:107) 

The cloned sequence was assembled into a contig resulting in the following 700 bp 
consensus sequence: 

1 TTTTTTTTTTTTTTTTTAATTTTGAACATTTTATTTTTC 

81 AGGTAACTGAAGGGCCTTTATGAGGAGTTTATATTGTCTAGACCCA^ 

161 GAAATAACATTTTTCTAAAGAC^GGCTTAGAAATAGTAATCCAGTAATTGAAGATGTTTCCCCTCTGTGGTAGAGGACTT 
241 GATTCATACCTGGCAGC AAGG CCCCCATTCACGGGTATAGCCAAAAGGATGGGGTACAGACC ACC CAGAACAAAACCAAC 
321 TAGTGCACCCCGTGTTGTCGTACAGATTTCACAGTTCAAATT^ 

401 ACAGGTTTGCTGTCAAAAATGGGATCACAGCCATTGGCAAGCTAGA 

/ 

481 CGAAATAGACTGTTTGCTATTAGGCCCCCAAAAGCAGCATTA^ 
561 GTCTGATTCTGGAAGTTGTTTGATTTTTCTGGGTATGATAT^ 

641 TTTCCATCTTGGACCACTCGGCAGAATGACGGCAGCTTAt6gCCGCCTCCCGCGCCCGCA (SEQ ID NO: 108) 
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CARDIOTOX120 

CARDIOTOX120 is a novel 200 bp gene fragment The nucleic acid was initially 
identified in a cloned fragment having the following sequence: 

1 CCATGGCCJGTGGGCTTTGTGATGTGGTCCTTGATGCTCTC 

81 CTGTAGTTGCTGGGGCAAGCTCTGGAGTCAGATATGTAGCCATTGGTGGTCTGGAAGCACCTCTGCCAAGGATCCCAACA 
161 GAAATCCATCTGCTTGTCCTTGCCAGCAACATGGTCCGGA (SEQ ID NO: 109) 

CARDIOTOX130 

CARDIOTOX130 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 TCATGAGGAAAGAGGTCATGCAGGAAGTGGCCCAGCTCAGCC^ 
8 1 AGaSAAAAGAGCGATGACAGCTCCTATGACGAGAAGTACTTGtt 

161 GGACGAGTGGCTGCGGCCAGAGGATCTGCCCATCAAGTACGCCGGC (SEQ ID NO: 110) 



The cloned sequence was assembled into a contig resulting in the following 572 bp 
consensus sequence: 

1 CCGACTCCTCGTTGATGAAG CCATCCAGAAGTNTGATGGGGAGCGGGTAAAGCTGGAAGCAGAG CGATTTGAG AACCTCC 
81 GAGAGATTGGGAACCTTCTACACCCCTCTNTGCCCATTAGT 

161 GGTGATTGTACAGTCAGAAAGAAGTATTCCC^TGTGGACCTGGTGGTGATGGTGGATGGCTTTGAAGGCGAAAAGGGAGC 
241 CGTGGTGGCTGGTAGTCGGGGGTACTTCCTGAAGGGGGTTCCTGGTGTTCCT 
3 21 CGCACCTTGGGAAGCCGAGGCTACACTCCAATCTACACNC^ 
401 GCTCAGCC^TTTGATGAAGAACTT TATAAGGTGATTGGCAA^ 

481 AGTACTTGATTGCCACCTCAGAACAGCCCATCGCAGCTCTdCACCGGGACGAGTGGCTGCGGCCAGAGGATCTGCCCATC 
561 AAGTACGCCGGC (SEQ ID NOrlll) 

CARDIOTOX132 

CARDIOTOX1 32 is a novel gene fragment. The nucleic acid was initially identified in a 
cloned fragment having the following sequence: 

1 GCTAGCCGGCTGATGAACGAGAGAGATTACTGGCCAGGGTATGGAGA 
81 CCCTGAGATTGTAAGGATGGTTGAAGCTCGACAGTCTCTCC 
161 AAGGGAGCTTCCCAGCCATGATCA (SEQ ID NO: 112) 
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The cloned sequence was assembled into a contig resulting in the following 325 bp 
consensus sequence: 

1 ACTAGTGTCTACCGCACACCTTTAAATCTAACCT 

81 CGGCGAACAGTTTAAATCCGTTCTCCATTGGGACATGAAGTCCAAGGCCGGAGCGGGGGCGGCTAGCCGGCTGA 
5 161 AGAGAGATTACTGGCCAGGGTATGGAGAAGGGAACACTTGGTGTCCAGGAGCTCTT CCAGACCCTGAGATT GTAAGGATG 
241 GTTGAAGCTCGACAGTCTCTCCGTGAGGGGTACACAGAAGATGGTGAGCAACCGCAAGGCAAAG^ 
321 GATCA {SEQ ID NO: 113) 

CARDIOTOX133 

10 CARDIOTOX133 is a novel 337 bp gene fragment. The nucleic acid was initially 

identified in a cloned fragment having the following sequence: 

1 CCTAGGAAACATTGGAGCCTTAAGGCGGGCTACAGACAA 

8 1 CCTTACTTTTTTCCCTCTCTGCCrrCCTGTGTCTTGCATTCC^TTTGTGGGACTGTATTT 
15 161 TCCATTAGAGCAAGGTCTCTCCTGGAATGGAACGAATCATTGACT 

241 CTC TC CGAGCAGCTG CAGCTTAGGAGGAACGGTTGTGAG ACCGTCC AGCAGCTATCTTCCACCACTCAGGGTTGTCGCTC 
321 ACACCCCTTAAGGATCC (SEQ ID NO: 114) 

CARDIOTOX134 

20 CARDIOTOX134 is a novel gene fragment. The nucleic acid was initially identified in a 

cloned fragment having the following sequence: 

1 GAATTCACACAGATTGATCCTATCCTGTCTGTGAAAAGCAAGAAGTGCAGATGTGTTCATGA (SEQ ID NO: 115) 

The cloned sequence was assembled into a contig resulting in the following 535 bp 
consensus sequence: 

25 

1 TCCATTTGTTGTCGTTTTTTTTTTTTTGGGTAAACAAAGGGTTAATTTATTATATAAGGTAAGCCAATAAGCTCTCATGT 
8 1 ACTACAGAGAGAAAACATACAGTGCGCATAATAAATGAATTCCATATACTGAGAATAAATAGGATAAGCGTAGTAAAGAG 
161 GAAGTCAAGAGGAGCCCACAGTTATAGCCACATGACGAGAAGTTA 
241 ACTTTATTTATTTGGAGCCATGCACTTGTTTTAGTGC^ 
30 321 AGATGCTTAGAAAGATCTTTCAGTGT CTAACOTACATCTAGAAGAGTCATGAGGAGTAGTGGCAGGGTGTGTGCGC CACA 
401 AC CTT T GAGGAAAG CGAT CCTT AT ACACAGGG CG AC C C C AACAACC CTGTCAT TTT ATCATG AACACAT C TG CA CTTCTT 
481 GCTTTTCACAGACAGGATAGGATCAATCTGTGTGAATTCGATTTGGGTATATCGA ( SEQ ID NO: 116) 

CARDIOTOX138 

35 CARDIOTOX138 is a novel 378 bp gene fragment. The nucleic acid was initially 

identified in a cloned fragment having the following sequence: 
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1 AAATTGCGATTAGGGTAGCTATACATGGAGGGC^GCAGGGCAGTGCTI^TAGGTGGTGCGGCCTCGCGCGTATGTCTG 
8 1 TAGAAACAGTTG CTTAT AGGGGCCAAACTGGACTACTCCCACCTGGTCATGAAGAAGCCGCAT AG CTGTTTCAAAAGAAC 
161 CTGCC^GGATGTGATCCACTGGAAGCTGGGAGTTATTGCACCAGATTTGAGTTGGGCTTGTTCCCTTGGTTGGGGGCACA 
5 241 AAGAAACCGTCTTCAGCACCACCGGCAACCCCAGAGGGTACATCC^^ 

321 CCAGCCACCTCCTTCCTCTTGTCCCTTGCCGAGAGTATCCrrCCCCCAAACCTTCCGGA (SEQ ID NO: 117) 

General Methods 

The CARDIOTOX nucleic acids and encoded polypeptides can be identified using- the 
information provide above. In some embodiments, the CARDIOTOX nucleic acids and 
1 0 polypeptide correspond to nucleic acids or polypeptides which include the various sequences 
(referenced by SEQ ID NOs) disclosed for each CARDIOTOX polypeptide. 

In its various aspects and embodiments, the invention includes providing a test cell 
population which includes at least one cell that is capable of expressing one or more of the 
sequences CARDIOTOX 1-210. By "capable of expressing" is meant that the gene is present in 

15 an intact form in the cell and can be expressed. Expression of one, some, or all of the 

CARDIOTOX sequences is then detected, if present, and, preferably, measured. Using sequence 
information provided by the database entries for the known sequences, or the sequence 
information for the newly described sequences, expression of the CARDIOTOX sequences can 
be detected (if present) and measured using techniques well known to one of ordinary skill in the 

20 art. For example, sequences within the sequence database entries corresponding to 

CARDIOTOX sequences, or within the sequences disclosed herein, can be used to construct 
probes for detecting CARDIOTOX UNA sequences in, e.g., northern blot hybridization analyses 
or methods which specifically, and, preferably, quantitatively amplify specific nucleic acid 
sequences. As another example, the sequences can be used to construct primers for specifically 

25 amplifying the CARDIOTOX sequences in, e.g. , amplification-based detection methods such as 
reverse-transcription based polymerase chain reaction. When alterations in gene expression are 
associated with gene amplification or deletion, sequence comparisons in test and reference 
populations can be made by comparing relative amounts of the examined DNA sequences in the 
test and reference cell populations. 

30 Expression can be also measured at the protein level, I e. , by measuring the levels of 

polypeptides encoded by the gene products described herein. Such methods are well known in 
the art and include, e.g., immunoassays based on antibodies to proteins encoded by the genes. 
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Expression level of one or more of the CARDIOTOX sequences in the test cell 
population is then compared to expression levels of the sequences in one or more cells from a 
reference cell population. Expression of sequences in test and control populations of cells can be 
compared using any art-recognized method for comparing expression of nucleic acid sequences. 
5 For example, expression can be compared using GENECALLING® methods as described in US 
Patent No. 5,871,697 and in Shimkets et al, Nat. Biotechnol. 17:798-803. 

In various embodiments, the expression of one or more sequences encoding genes of 
expressed in distinct gene profiles based on specific serotonin modulators, as listed in Table 1, is 
compared. These gene profile include, e.g., "Dexfenfluramine Modulated Only" (such as, 

10 CARDIOTOX 1-9), "Fenfluramine Modulated Only" (CARDIOTOX 10-18), "Dexfenfluramiine 
and Fenfluramine Modulated Only", (CARDIOTOX 19-44), "Dexfenfluramiine, Fenfluramine 
and Dihydroergotamine Modulated Only" (CARDIOTOX 45-57), and "All Serotonin 
Modulators" (CARDIOTOX 58-110). In some embodiments, expression of members of two or 
more gene profiles are compared. 

15 In various embodiments, the expression of 2, 3, 4, 5, 6, 7,8, 9, 10, 15, 20, 25, 35, 40, 50, 

100, 150 or all of the sequences represented by CARDIOTOX 1-210 are measured. If desired, 
expression of these sequences can be measured along with other sequences whose expression is 
known to be altered according to one of the herein described parameters or conditions. 

The reference cell population includes one or more cells for which the compared 
20 parameter is known. The compared parameter can be, e.g. , cardiotoxic agent expression status or 
serotonin modulating agent expression status. By "cardiotoxic agent expression status" is meant 
that it is known whether the reference cell has had contact with one or more cardiotoxic agents. 
Examples of cardiotoxic agents are, e.g., fenfluramine, dexfenluramine and dihydroergotamine. 
By "serotonin modulating agent expression status" is meant that it is known whether the 
25 reference cell has had contact with a serotonin modulating agent. Examples of serotonin 

modulating agents include, serotonin reuptake inhibitors such as fenflruamine, and sibutamine, 
serotonon receptor agonists such as sumatriptan or serotinergic agonist such as 
dihydroergotamine. Whether or not comparison of the gene expression profile in the test cell 
population to the reference cell population reveals the presence, or degree, of the measured 
30 parameter depends on the composition of the reference cell population. For example, if the 
reference cell population is composed of cells that have not been treated with a known 
cardiotoxic agent, a similar gene expression level in the test cell population and a reference cell 
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population indicates the test agent is not a cardiotoxic agent. Conversely, if the reference cell 
population is made up of cells that have been treated with a cardiotoxic agent, a similar gene 
expression profile between the test cell population and the reference cell population indicates the 
test agent is a cardiotoxic agent. 

5 In various embodiments, a CARDIOTOX sequence in a test cell .population is considered 

comparable in expression level to the expression level of the CARDIOTOX sequence if its 
expression level varies within a factor of 2.0, 1.5, or 1 .0 fold to the level of the CARDIOTOX 
transcript in the reference cell population. In various embodiments, a CARDIOTOX sequence in 
a test cell population can be considered altered in levels of expression if its expression level 

1 0 varies from the reference cell population by more than 1 .0, 1.5, 2.0 or more fold from the 

expression level of the corresponding CARDIOTOX sequence in the reference cell population. 

If desired, comparison of differentially expressed sequences between a test cell 
population and a reference cell population can be done with respect to a control nucleic acid 
whose expression is independent of the parameter or condition being measured. Expression 
1 5 levels of the control nucleic acid in the test and reference nucleic acid can be used to normalize 
signal levels in the compared populations. 

In some embodiments, the test cell population is compared to multiple reference cell 
populations. Each of the multiple reference populations may differ in the known parameter. 
Thus, a test cell population may be compared to a first reference cell population known to have 
20 been exposed to a cardiotoxic agent, as well as a second reference population known have not 
been exposed to a cardiotoxic agent. 

The test cell population that is exposed to, i.e., contacted with, the test agent , e.g., 
cardiotoxic agent or seotonin modulating agent, can be any number of cells, ie., one or more 
cells, and can be provided in vitro, in vivo, or ex vivo. 

25 In other embodiments, the test cell population can be divided into two or more 

subpopulations. The subpopulations can be created by dividing the first population of cells to 
create as identical a subpopulation as possible. This will be suitable, in, for example, in vitro or 
ex vivo screening methods. In some embodiments, various sub populations can be exposed to a 
control agent, and/or a test agent, multiple test agents, or, e.g., varying dosages of one or multiple 

30 test agents administered together, or in various combinations. 
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Preferably, cells in the reference cell population are derived from a tissue type as similar 
as possible to test cell, e.g., heart tissue. In some embodiments, the control cell is derived from 
the same subject as the test cell, e.g., from a region proximal to the region of origin of the test 
cell. In other embodiments, the reference cell population is derived from a plurality of cells. For 
5 example, the reference cell population can be a database of expression patterns from previously 
tested cells for which one of the herein-described parameters or conditions (e.g., cardiotoxic 
agent expression status) is known. 

The test agent can be a compound not previously described or can be a previously known 
compound but which is not known to be a cardiotoxic agent or a serotonon modulating agent. 

10 By "cardiotoxicity" is meant that the agent is damaging or destructive to heart when 

administered to a subject leads to heart damage. 

By "serotonin modulating agent" is meant that the agent modulates (i.e., increases or 
decreases) serotonin levels or activity. Theses agents include for example , serotonin reuptake 
inhibitors, selective serotonin receptor agonist and non-selective sertonergic agonists. 

1 5 The subject is preferably a mammal. The mammal can be, e.g. , a human, non-human 

primate, mouse, rat, dog, cat, horse, or cow. 

Screening for Toxic Agents 

In one aspect, the invention provides a method of identifying toxic agents, e.g., 
cardiotoxic agents. The cardiotoxic agent can be identified by providing a cell population that 

20 includes cells capable of expressing one or more nucleic acid sequences homologous to those 
listed in Table 1. as CARDIOTOX 1-210. Preferably, the cell population includes cells capable 
of expressing one or more nucleic acids sequences homologous to CARDIOTX 1-57. More 
preferably, the cell population includes cells capable of expressing one or more nucleic acids 
sequences homologous to CARDIOTX 45-57. Most preferably, the cell population includes 

25 cells capable of expressing one or more nucleic acids sequences homologous to CARDIOTX 1- 
44. The sequences need not be identical to sequences including CARDIOTOX 1-210, as long as 
the sequence is sufficiently similar that specific hybridization can be detected. Preferably, the 
cell includes sequences that are identical, or nearly identical to those identifying the 
CARDIOTOX nucleic acids shown in Table 1. 
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Expression of the nucleic acid sequences in the test cell population is then compared to 
the expression of the nucleic acid sequences in a reference cell population, which is a cell 
population that has not been exposed to the test agent, or, in some embodiments, a cell 
population exposed the test agent. Comparison can be performed on test and reference samples 
5 measured concurrently or at temporally distinct times. An example of the latter is the use of 
compiled expression information, e.g., a sequence database, which assembles information about 
expression levels of known sequences following administration of various agents. For example, 
alteration of expression levels following administration of test agent can be compared to the 
expression changes observed in the nucleic acid sequences following administration of a control 
10 agent, such as dexfenfluramine. 

An alteration in expression of the nucleic acid sequence in the test cell population 
compared to the expression of the nucleic acid sequence in the reference cell population that has 
not been exposed to the test agent indicates the test agent is a cardiotoxic agent. For example, an 
alteration in expression of CARDIOTOX 1-57 in the test cell population compared to the 
15 expression of the CARDIOTOX 1-57 in the reference cell population that has not been exposed 
to the test agent indicates the test agent is a valvulopathic agent. 

The invention also includes a cardiotoxic agent identified according to this screening 
method. 

Assessing toxicity of an agent in a subject 

20 The differentially expressed CARDIOTOX sequences identified herein also allow for the 

cardiotoxicity of a cardiotoxic agent to be determined or monitored. In this method, a test cell 
population from a subject is exposed to a test agent, le. a. cardiotoxic agent. If desired, test cell 
populations can be taken from the subject at various time points before, during, or after exposure 
to the test agent. Expression of one or more of the CARDIOTOX sequences, e.g., 

25 CARDIOTOX: 1-210, in the cell population is then measured and compared to a reference cell 
population which includes cells whose cardiotoxic agent expression status is known. Preferably, 
the reference cells not been exposed to the test agent. 

If the reference cell population contains no cells exposed to the treatment, a similarity in 
expression between CARDIOTOX sequences in the test cell population and the reference cell 
30 population indicates that the treatment is non-cardiotoxic. However, a difference in expression 
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between CARDIOTOX sequences in the test population and this reference cell population 
indicates the treatment is cardiotoxic. 



Screening for Serotonin modulating Agents 

In one aspect, the invention provides a method of identifying serotonin modulating 
5 agents. The serotonin modulating agent can be identified by providing a cell population that 
includes cells capable of expressing one or more nucleic acid sequences homologous to those 
listed in Table 1 as CARDIOTOX 1-210. Preferably, the cell population includes cells capable of 
expressing one or more nucleic acids sequences homologous to CARDIOTX 58-1 10. The 
sequences need not be identical to sequences including CARDIOTOX 1-210, as long as the 
1 0 sequence is sufficiently similar that specific hybridization can be detected. Preferably, the cell 
includes sequences that are identical, or nearly identical to those identifying the CARDIOTOX 
nucleic acids shown in Table L 

Expression of the nucleic acid sequences in the test cell population is then compared to 
the expression of the nucleic acid sequences in a reference cell population, which is a cell 

1 5 population that has not been exposed to the test agent, or, in some embodiments, a cell 

population exposed the test agent. Comparison can be performed on test and reference samples 
measured concurrently or at temporally distinct times. An example of the latter is the use of 
compiled expression information, e.g., a sequence database, which assembles information about 
expression levels of known sequences following administration of various agents. For example, 

20 alteration of expression levels following administration of test agent can be compared to the 

expression changes observed in the nucleic acid sequences following administration of a control 
agent, such as fluoxetine. 

An alteration in expression of the nucleic acid sequence in the test cell population 
compared to the expression of the nucleic acid sequence in the reference cell population that has 
25 not been exposed to the test agent indicates the test agent is a serotonin modulating agent. 

The invention also includes a serotonin modulating agent identified according to this 
screening method, and a pharmaceutical composition which includes the serotonin modulating 
agent. 
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Also provided in the invention are novel nucleic acid comprising a nucleic acid sequence 
selected from the group consisting of CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 111-113, 
120, 130, 132-134 and 138 or its complement, as well as vectors and cells including these nucleic 
5 acids. 

Thus, one aspect of the invention pertains to isolated CARDIOTOX nucleic acid 
molecules that encode CARDIOTOX proteins or biologically active portions thereof Also 
included are nucleic acid fragments sufficient for use as hybridization probes to identify 
CARDIOTOX-encoding nucleic acids (e.g., CARDIOTOX mRNA) and fragments for use as 

1 0 polymerase chain reaction (PCR) primers for the amplification or mutation of CARDIOTOX 
nucleic acid molecules. As used herein, the term "nucleic acid molecule" is intended to include 
DNA molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g., mRNA), analogs of the 
DNA or RNA generated using nucleotide analogs, and derivatives, fragments and homologs 
thereof. The nucleic acid molecule can be single-stranded or double-stranded, but preferably is 

1 5 double-stranded DNA. 

"Probes" refer to nucleic acid sequences of variable length, preferably between at least 
about 10 nucleotides (nt) or as many as about, e.g., 6,000 nt, depending on use. Probes are used 
in the detection of identical, similar, or complementary nucleic acid sequences. Longer length 
probes are usually obtained from a natural or recombinant source, are highly specific and much 
20 slower to hybridize than oligomers. Probes may be single- or double-stranded and designed to 
have specificity in PCR, membrane-based hybridization technologies, or ELISA-like 
technologies. 

An "isolated" nucleic acid molecule is one that is separated from other nucleic acid 
molecules which are present in the natural source of the nucleic acid. Examples of isolated 

25 nucleic acid molecules include, but are not limited to, recombinant DNA molecules contained in 
a vector, recombinant DNA molecules maintained in a heterologous host cell, partially or 
substantially purified nucleic acid molecules, and synthetic DNA or RNA molecules. Preferably, 
an "isolated" nucleic acid is free of sequences which naturally flank the nucleic acid (i.e., 
sequences located at the 5' and 3 ! ends of the nucleic acid) in the genomic DNA of the organism 

30 from which the nucleic acid is derived. For example, in various embodiments, the isolated 

CARDIOTOX nucleic acid molecule can contain less than about 50 kb, 25 kb, 5 kb, 4 kb, 3 kb, 2 
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kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the nucleic acid 
molecule in genomic DNA of the cell from which the nucleic acid is derived. Moreover, an 
"isolated" nucleic acid molecule, such as a cDNA molecule, can be substantially free of other 
cellular material or culture medium when produced by recombinant techniques, or of chemical 
5 precursors or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule having the 
nucleotide sequence of any of CARDIOTOX:l-7, 10-13, 19-34, 45-53, 58-85, 1 11-1 13, 120, 
130, 132-134 and 138, or a complement of any of these nucleotide sequences, can be isolated 
using standard molecular biology techniques and the sequence information provided herein. 
1 0 Using all or a portion of these nucleic acid sequences as a hybridization probe, CARDIOTOX 
nucleic acid sequences can be isolated using standard hybridization and cloning techniques (e.g., 
as described in Sambrook et aL, eds., MOLECULAR CLONING: A LABORATORY MANUAL 2 nd Ed., 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NX, 1989; and Ausubel, et al, eds., 
Current Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1993.) 

1 5 A nucleic acid of the invention can be amplified using cDNA, mRNA or alternatively, 

genomic DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an appropriate vector 
and characterized by DNA sequence analysis. Furthermore, oligonucleotides corresponding to 
CARDIOTOX nucleotide sequences can be prepared by standard synthetic techniques, e.g., using 

20 an automated DNA synthesizer. 

As used herein, the term "oligonucleotide" refers to a series of linked nucleotide residues, 
which oligonucleotide has a sufficient number of nucleotide bases to be used in a PCR reaction. 
A short oligonucleotide sequence may be based on, or designed from, a genomic or cDNA 
sequence and is used to amplify, confirm, or reveal the presence of an identical, similar or * 
25 complementary DNA or RNA in a particular cell or tissue. Oligonucleotides comprise portions 
of a nucleic acid sequence having at least about 10 nt and as many as 50 nt, preferably about 
15 nt to 30 nt. They may be chemically synthesized and may be used as probes. 

In another embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleic acid molecule that is a complement of the nucleotide sequence shown in CARDIOTOX: 
30 :l-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138 . In another embodiment, 
an isolated nucleic acid molecule of the invention comprises a nucleic acid molecule that is a 
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complement of the nucleotide sequence shown in any of these sequences, or a portion of any of 
these nucleotide sequences. A nucleic acid molecule that is complementary to the nucleotide 
sequence shown in CARDIOTOX:l-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 
and 138 is one that is sufficiently complementary to the nucleotide sequence shown, such that it 
5 can hydrogen bond with little or no mismatches to the nucleotide sequences shown, thereby 
forming a stable duplex. 

As used herein, the term "complementary" refers to Watson-Crick or Hoogsteen base 
pairing between nucleotides units of a nucleic acid molecule, and the term "binding" means the 
physical or chemical interaction between two polypeptides or compounds or associated 
10 polypeptides or compounds or combinations thereof. Binding includes ionic, non-ionic, Von der 
Waals, hydrophobic interactions, etc. A physical interaction can be either direct or indirect. 
Indirect interactions may be through or due to the effects of another polypeptide or compound. 
Direct binding refers to interactions that do not take place through, or due to, the effect of another 
polypeptide or compound, but instead are without other substantial chemical intermediates. 

15 Moreover, the nucleic acid molecule of the invention can comprise only a portion of the 

nucleic acid sequence of CARDIOTOX:l-7 5 10-13, 19-34, 45-53,58-85, 111-113, 120, 130, 132- 
134 and 138 e.g., a fragment that can be used as a probe or primer or a fragment encoding a 
biologically active portion of CARDIOTOX. Fragments provided herein are defined as 
sequences of at least 6 (contiguous) nucleic acids or at least 4 (contiguous) amino acids, a length 

20 sufficient to allow for specific hybridization in the case of nucleic acids or for specific 

recognition of an epitope in the case of amino acids, respectively, and are at most some portion 
less than a full length sequence. Fragments may be derived from any contiguous portion of a 
nucleic acid or amino acid sequence of choice. Derivatives are nucleic acid sequences or amino 
acid sequences formed from the native compounds either directly or by modification or partial 

25 substitution. Analogs are nucleic acid sequences or amino acid sequences that have a structure 
similar to, but not identical to, the native compound but differs from it in respect to certain 
components or side chains. Analogs may be synthetic or from a different evolutionary origin and 
may have a similar or opposite metabolic activity compared to wild type. 

Derivatives and analogs may be full length or other than full length, if the derivative or 
30 analog contains a modified nucleic acid or amino acid, as described below. Derivatives or 

analogs of the nucleic acids or proteins of the invention include, but are not limited to, molecules 
comprising regions that are substantially homologous to the nucleic acids or proteins of the 
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invention, in various embodiments, by at least about 45%, 50%, 70%, 80%, 95%, 98%, or even 
99% identity (with a preferred identity of 80-99%) over a nucleic acid or amino acid sequence of 
identical size or when compared to an aligned sequence in which the alignment is done by a 
computer homology program known in the art, or whose encoding nucleic acid is capable of 
5 hybridizing to the complement of a sequence encoding the aforementioned proteins under 
stringent, moderately stringent, or low stringent conditions. See e.g. Ausubel, et al, Current 
Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1993, and below. An 
exemplary program is the Gap program (Wisconsin Sequence Analysis Package, Version 8 for 
UNIX, Genetics Computer Group, University Research Park, Madison, WI) using the default 
10 settings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math., 1981, 2: 482-489, 
which in incorporated herein by reference in its entirety). 

A "homologous nucleic acid sequence" or "homologous amino acid sequence," or 
variations thereof, refer to sequences characterized by a homology at the nucleotide level or 
amino acid level as discussed above. Homologous nucleotide sequences encode those sequences 
coding for isoforms of a CARDIOTOX polypeptide. Isofonns can be expressed in different 
tissues of the same organism as a result of, for example, alternative splicing of RNA. 
Alternatively, isoforms can be encoded by different genes. In the present invention, homologous 
nucleotide sequences include nucleotide sequences encoding for a CARDIOTOX polypeptide of 
species other than humans, including, but not limited to, mammals, and thus can include, e.g., 
mouse, rat, rabbit, dog, cat cow, horse, and other organisms. Homologous nucleotide sequences 
also include, but are not limited to, naturally occurring allelic variations and mutations of the 
nucleotide sequences set forth herein. A homologous nucleotide sequence does not, however, 
include the nucleotide sequence encoding a human CARDIOTOX protein. Homologous nucleic 
acid sequences include those nucleic acid sequences that encode conservative amino acid 
substitutions (see below) in a CARDIOTOX polypeptide, as well as a polypeptide having a 
CARDIOTOX activity. A homologous amino acid sequence does not encode the amino acid 
sequence of a human CARDIOTOX polypeptide. 

The nucleotide sequence determined from the cloning of human CARDIOTOX genes 
allows for the generation of probes and primers designed for use in identifying and/or cloning 
30 CARDIOTOX homologues in other cell types, e.g., from other tissues, as well as CARDIOTOX 
" homologues from other mammals. The probe/primer typically comprises a substantially purified 
oligonucleotide. The oligonucleotide typically comprises a region of nucleotide sequence that 
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hybridizes under stringent conditions to at least about 12, 25, 50, 100, 150, 200, 250, 300, 350 or 
400 consecutive sense strand nucleotide sequence of a nucleic acid comprising a CARDIOTOX 
sequence, or an anti-sense strand nucleotide sequence of a nucleic acid comprising a 
CARDIOTOX sequence, or of a naturally occurring mutant of these sequences. 

5 Probes based on human CARDIOTOX nucleotide sequences can be used to detect 

transcripts or genomic sequences encoding the same or homologous proteins. In various 
embodiments, the probe further comprises a label group attached thereto, e.g., the label group can 
be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor. Such probes can 
be used as a part of a diagnostic test kit for identifying cells or tissue which misexpress a 
10 CARDIOTOX protein, such as by measuring a level of a CARDIOTOX-encoding nucleic acid in 
a sample of cells from a subject e.g., detecting CARDIOTOX mRNA levels or determining 
whether a genomic CARDIOTOX gene has been mutated or deleted. 

"A polypeptide having a biologically active portion of CARDIOTOX" refers to 
polypeptides exhibiting activity similar, but not necessarily identical to, an activity of a 

1 5 polypeptide of the present invention, including mature forms, as measured in a particular 
biological assay, with or without dose dependency. A nucleic acid fragment encoding a 
"biologically active portion of CARDIOTOX" can be prepared by isolating a portion of ■ 
CARDIOTOX:l-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138, that 
encodes a polypeptide having a CARDIOTOX biological activity, expressing the encoded 

20 portion of CARDIOTOX protein (e.g., by recombinant expression in vitro) and assessing the 

activity of the encoded portion of CARDIOTOX. For example, a nucleic acid fragment encoding 
a biologically active portion of a CARDIOTOX polypeptide can optionally include an ATP- 
binding domain. In another embodiment, a nucleic acid fragment encoding a biologically active 
portion of CARDIOTOX includes one or more regions. 

25 CARDIOTOX variants 

The invention further encompasses nucleic acid molecules that differ from the disclosed 
or referenced CARDIOTOX nucleotide sequences due to degeneracy of the genetic code. These 
nucleic acids thus encode the same CARDIOTOX protein as that encoded by nucleotide 
sequence comprising a CARDIOTOX nucleic acid as shown in, e.g., CARDIOTOX: 1-7, 10-13, 
30 19-34,45-53, 58-85, 111-113, 120, 130, 132-134 and 138 
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In addition to the rat CARDIOTOX nucleotide sequence shown in CARDIOTOX: 1-7, 
10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138, it will be appreciated by those 
skilled in the art that DNA sequence polymorphisms that lead to changes in the amino acid 
sequences of a CARDIOTOX polypeptide may exist within a population (eg., the human 
5 population). Such genetic polymorphism in the CARDIOTOX gene may exist among 

individuals within a population due to natural allelic variation. As used herein, the terms "gene" 
and "recombinant gene" refer to nucleic acid molecules comprising an open reading frame 
encoding a CARDIOTOX protein, preferably a mammalian CARDIOTOX protein. Such natural 
allelic variations can typically result in 1-5% variance in the nucleotide sequence of the 
10 CARDIOTOX gene. Any and all such nucleotide variations and resulting amino acid 

polymorphisms in CARDIOTOX that are the result of natural allelic variation and that do not 
alter the functional activity of CARDIOTOX are intended to be within the scope of the invention. 

Moreover, nucleic acid molecules encoding CARDIOTOX proteins from other species, 
and thus that have a nucleotide sequence that differs from the human sequence of 

15 CARDIOTOX:l-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138, are 
intended to be within the scope of the invention. Nucleic acid molecules corresponding to 
natural allelic variants and homologues of the CARDIOTOX DNAs of the invention can be 
isolated based on their homology to the human CARDIOTOX nucleic acids disclosed herein 
using the human cDNAs, or a portion thereof, as a hybridization probe according to standard 

20 hybridization techniques under stringent hybridization conditions. For example, a soluble human 
CARDIOTOX DNA can be isolated based on its homology to human membrane-bound 
CARDIOTOX. Likewise, a membrane-bound human CARDIOTOX DNA can be isolated based 
on its homology to soluble human CARDIOTOX. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the invention 
25 is at least 6 nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molecule comprising the nucleotide sequence of CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 
1 1 1-113, 120, 130, 132-134 and 138. In another embodiment, the nucleic acid is at least 10, 25, 
50, 100, 250 or 500 nucleotides in length. In another embodiment, an isolated nucleic acid 
molecule of the invention hybridizes to the coding region. As used herein, the term "hybridizes 
30 under stringent conditions" is intended to describe conditions for hybridization and washing 
under which nucleotide sequences at least 60% homologous to each other typically remain 
hybridized to each other. 
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Homologs (ie., nucleic acids encoding CARDIOTOX proteins derived from species 
other than human) or other related sequences (e.g., paralogs) can be obtained by low, moderate or 
high stringency hybridization with all or a portion of the particular human sequence as a probe 
using methods well known in the art for nucleic acid hybridization and cloning. 

As used herein, the phrase "stringent hybridization conditions" refers to conditions under 
which a probe, primer or oligonucleotide will hybridize to its target sequence, but to no other 
sequences. Stringent conditions are sequence-dependent and will be different in different 
circumstances. Longer sequences hybridize specifically at higher temperatures than shorter 
sequences. Generally, stringent conditions are selected to be about 5°C lower than the thermal 
melting point (Tm) for the specific sequence at a defined ionic strength and pH. The Tm is the 
temperature (under defined ionic strength, pH and nucleic acid concentration) at which 50% of 
the probes complementary to the target sequence hybridize to the target sequence at equilibrium. 
Since the target sequences are generally present at excess, at Tm, 50% of the probes are occupied 
at equilibrium. Typically, stringent conditions will be those in which the salt concentration is 
less than about 1.0 M sodium ion, typically about 0.01 to 1 .0 M sodium ion (or other salts) at pH 
7.0 to 8.3 and the temperature is at least about 30°C for short probes, primers or oligonucleotides 
(e.g., 10 nt to 50 nt) and at least about 60°C for longer probes, primers and oligonucleotides. 
Stringent conditions may also be achieved with the addition of destabilizing agents, such as 
formamide. 

20 Stringent conditions are known to those skilled in the art and can be found in Current 

Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. Preferably, 
the conditions are such that sequences at least about 65%, 70%, 75%, 85%, 90%, 95%, 98%, or 
99% homologous to each other typically remain hybridized to each other. A non-limiting 
example of stringent hybridization conditions is hybridization in a high salt buffer comprising 6X 

25 SSC, 50 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 
mg/ml denatured salmon sperm DNA at 65°C. This hybridization is followed by one or more 
washes in 0.2X SSC, 0.01% BSA at 50°C. An isolated nucleic acid molecule of the invention 
that hybridizes under stringent conditions to the sequence of CARDIOTOX: 1-7, 10-13, 19-34, 
45-53, 58-85, 111-113, 120, 130, 132-134 and 138 corresponds to a naturally occurring nucleic 

30 acid molecule. As used herein, a "naturally-occurring" nucleic acid molecule refers to an RNA 
or DNA molecule having a nucleotide sequence that occurs in nature (e.g., encodes a natural 
protein). 
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In a second embodiment, a nucleic acid sequence that is hybridizable to the nucleic acid 

molecule comprising the nucleotide sequence of CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 

111-113, 120, 130, 132-134 and 138 or fragments, analogs or derivatives thereof, under 

conditions of moderate stringency is provided. A non-limiting example of moderate stringency 

5 hybridization conditions are hybridization in 6X SSC, 5X Denhardt's solution, 0.5% SDS and 

100 mg/ml denatured salmon sperm DNA at 55°C, followed by one or more washes in IX SSC, 

0.1% SDS at 37°C Other conditions of moderate stringency that may be used are well known in 

the art. See, e.g., Ausubel et al feds.), 1993, Current Protocols in Molecular Biology, 

John Wiley & Sons, NY, and Kriegler, 1990, Gene Transfer and Expression, A Laboratory 

1 0 Manual, Stockton Press, NY. 

In a third embodiment, a nucleic acid that is hybridizable to the nucleic acid molecule 

comprising the nucleotide sequence of CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 111-113, 

120, 130, 132-134 and 138or fragments, analogs or derivatives thereof, under conditions of low 

stringency, is provided. A non-limiting example of low stringency hybridization conditions are 

15 hybridization in 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 
0.02% Ficoll, 0.2% BSA, 100 mg/ml denatured salmon sperm DNA, 10% (wt/vol) dextran 
sulfate at 40°C, followed by one or more washes in 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM 
EDTA, and 0.1% SDS at 50°C. Other conditions of low stringency that may be used are well 
known in the art (e.g., as employed for cross-species hybridizations). See, e.g., Ausubel et al. 

20 (eds.), 1993, Current Protocols in Molecular Biology, John Wiley & Sons, NY, and 
Kriegler, 1990, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, 
NY; Shilo et al., 1981, Proc Natl Acad Sci USA 78: 6789-6792. 

Conservative mutations 

In addition to naturally-occurring allelic variants of the CARDIOTOX sequence that may 
25 exist in the population, the skilled artisan will further appreciate that changes can be introduced 
into an CARDIOTOX nucleic acid or directly into an CARDIOTOX polypeptide sequence 
without altering the functional ability of the CARDIOTOX protein. In some embodiments, the 
nucleotide sequence of CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132- 
134 and 138will be altered, thereby leading to changes in the amino acid sequence of the encoded 
30 CARDIOTOX protein. For example, nucleotide substitutions that result in amino acid 

substitutions at various "non-essential" amino acid residues can be made in the sequence of 
CARDIOTOX:l-7, 10-13, 19-34,45-53,58-85, 111-113, 120, 130, 132-134 and 138. A 

51 



WO 01/63279 PCT7US01/05693 
"non-essential" amino acid residue is a residue that can be altered from the wild-type sequence of 
CARDIOTOX without altering the biological activity, whereas an "essential" amino acid residue 
is required for biological activity. For example, amino acid residues that are conserved among 
the CARDIOTOX proteins of the present invention, are predicted to be particularly unamenable 
5 to alteration. 

In addition, amino acid residues that are conserved among family members of the 
CARDIOTOX proteins of the present invention, are also predicted to be particularly unamenable 
to alteration. As such, these conserved domains are not likely to be amenable to mutation. Other 
amino acid residues, however, (e.g., those that are not conserved or only semi-conserved among 
1 0 members of the CARDIOTOX proteins) may not be essential for activity and thus are likely to be 
amenable to alteration. 

Another aspect of the invention pertains to nucleic acid molecules encoding 
CARDIOTOX proteins that contain changes in amino acid residues that are not essential for 
activity. Such CARDIOTOX proteins differ in amino acid sequence from the amino acid 

15 sequences of polypeptides encoded by nucleic acids containing CARDIOTOX: 1-7, 10-13, 19-34, 
45-53, 58-85, 1 1 1-113, 120, 1 30, 132-134 and 138, yet retain biological activity. In one 
embodiment, the isolated nucleic acid molecule comprises a nucleotide sequence encoding a 
protein, wherein the protein comprises an amino acid sequence at least about 45% homologous, 
more preferably 60%, and still more preferably at least about 70%, 80%, 90%, 95%, 98%, and 

20 most preferably at least about 99% homologous to the amino acid sequence of the amino acid 
sequences of polypeptides encoded by nucleic acids comprising CARDIOTOX: 1-7, 10-13, 19- 
34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138. 

An isolated nucleic acid molecule encoding a CARDIOTOX protein homologous to can 
be created by introducing one or more nucleotide substitutions, additions or deletions into the 
25 nucleotide sequence of a nucleic acid comprising CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 
111-113, 120, 130, 132-134 and 138, such that one or more amino acid substitutions, additions or 
deletions are introduced into the encoded protein. 

Mutations can be introduced into a nucleic acid comprising CARDIOTOX: 1-7, 10-13, 
19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 and 138 by standard techniques, such as 
30 site-directed mutagenesis and PCR-mediated mutagenesis. Preferably, conservative amino acid 
substitutions are made at one or more predicted non-essential amino acid residues. A 
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"conservative amino acid substitution" is one in which the amino acid residue is replaced with an 
amino acid residue having a similar side chain. Families of amino acid residues having similar 
side chains have been defined in the art. These families include amino acids with basic side 
chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
5 uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, 
cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, 
methionine, tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and 
aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted 
nonessential amino acid residue in CARDIOTOX is replaced with another amino acid residue 

10 from the same side chain family. Alternatively, in another embodiment, mutations can be 

introduced randomly along all or part of a CARDIOTOX coding sequence, such as by saturation 
mutagenesis, and the resultant mutants can be screened for CARDIOTOX biological activity to 
identify mutants that retain activity. Following mutagenesis of the nucleic acid a the encoded 
protein can be expressed by any recombinant technology known in the art and the activity of the 

15 protein can be determined. 

In one embodiment, a mutant CARDIOTOX protein can be assayed for (1) the ability to 
form proteinrprotein interactions with other CARDIOTOX proteins, other cell-surface proteins, 
or biologically active portions thereof, (2) complex formation between a mutant CARDIOTOX 
protein and a CARDIOTOX ligand; (3) the ability, of a mutant CARDIOTOX protein to bind to 
an intracellular target protein or biologically active portion thereof; (e.g., avidin proteins); (4) the 
ability to bind ATP; or (5) the ability to specifically bind a CARDIOTOX protein antibody. 

In other embodiment, the fragment of the complementary polynucleotide sequence 
described in claim 1 wherein the fragment of the complementary polynucleotide sequence 
hybridizes to the first sequence. 

In other specific embodiments, the nucleic acid is RNA or DNA. The fragment or the 
fragment of the complementary polynucleotide sequence described in claim 38, wherein the 
fragment is between about 10 and about 100 nucleotides in length, e.g., between about 10 and 
about 90 nucleotides in length, or about 10 and about 75 nucleotides in length, about 10 and 
about 50 bases in length, about 1 0 and about 40 bases in length, or about 1 5 and about 30 bases 
in length. 
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Antisense 

Another aspect of the invention pertains to isolated antisense nucleic acid molecules that 
are hybridizable to or complementary to the nucleic acid molecule comprising the nucleotide 
sequence of a CARDIOTOX sequence or fragments, analogs or derivatives thereof. An 

5 "antisense" nucleic acid comprises a nucleotide sequence that is complementary to a "sense" 
nucleic acid encoding a protein, e.g., complementary to the coding strand of a double-stranded 
cDNA molecule or complementary to an mRNA sequence. In specific aspects, antisense nucleic 
acid molecules are provided that comprise a sequence complementary to at least about 10, 25, 50, 
1 00, 250 or 500 nucleotides or an entire CARDIOTOX coding strand, or to only a portion 

10 thereof. Nucleic acid molecules encoding fragments, homologs, derivatives and analogs of a 
CARDIOTOX protein, or antisense nucleic acids complementary to a nucleic acid comprising a 
CARDIOTOX nucleic acid sequence are additionally provided. 

In one embodiment, an antisense nucleic acid molecule is antisense to a "coding region" 
of the coding strand of a nucleotide sequence encoding CARDIOTOX. The term "coding 

1 5 region" refers to the region of the nucleotide sequence comprising codons which are translated 
into amino acid residues. In another embodiment, the antisense nucleic acid molecule is 
antisense to a "noncoding region" of the coding strand of a nucleotide sequence encoding 
CARDIOTOX. The term "noncoding region" refers to 5' and 3' sequences which flank the 
coding region that are not translated into amino acids (i.e., also referred to as 5' and 3' 

20 untranslated regions). 

Given the coding strand sequences encoding CARDIOTOX disclosed herein, antisense 
nucleic acids of the invention can be designed according to the rules of Watson and Crick or 
Hoogsteen base pairing. The antisense nucleic acid molecule can be complementary to the entire 
coding region of CARDIOTOX mRNA, but more preferably is an oligonucleotide that is 

25 antisense to only a portion of the coding or noncoding region of CARDIOTOX mRNA. For 
example, the antisense oligonucleotide can be complementary to the region surrounding the 
translation start site of CARDIOTOX mRNA. An antisense oligonucleotide can be, for example, 
about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic acid of 
the invention can be constructed using chemical synthesis or enzymatic ligation reactions using 

30 procedures known in the art. For example, an antisense nucleic acid (e.g., an antisense 
oligonucleotide) can be chemically synthesized using naturally occurring nucleotides or 
variously modified nucleotides designed to increase the biological stability of the molecules or to 
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increase the physical stability of the duplex formed between the antisense and sense nucleic 
acids, e.g., phosphorothioate derivatives and acridine substituted nucleotides can be used. 

Examples of modified nucleotides that can be used to generate the antisense nucleic acid 
include: 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 

5 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl- 

2-thiouridine, 5-carboxymethylaininomethyluracil, dihydrouracil, beta-D-galactosylqueosine, 
inosine, N6-isopentenyladenine s 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, 

10 beta-D-mannosylqueosine, S'-methoxycarboxymethyluiacil, 5-methoxyuracil, 

2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, 
uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 
3 -(3 -amino-3 -N-2-carboxypropy 1) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the 

1 5 antisense nucleic acid can be produced biologically using an expression vector into which a 
nucleic acid has been subcloned in an antisense orientation (i.e., RNA transcribed from the 
inserted nucleic acid will be of an antisense orientation to a target nucleic acid of interest, 
described further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered to a 

20 subject or generated in situ such that they hybridize with or bind to cellular mRNA and/or 
genomic DNA encoding a CARDIOTOX protein to thereby inhibit expression of the protein, 
e.g., by inhibiting transcription and/or translation. The hybridization can be by conventional 
nucleotide complementarity to form a stable duplex, or, for example, in the case of an antisense 
nucleic acid molecule that binds to DNA duplexes, through specific interactions in the major 

25 groove of the double helix. An example of a route of administration of antisense nucleic acid 
molecules of the invention includes direct injection at a tissue site. Alternatively, antisense 
nucleic acid molecules can be modified to target selected cells and then administered 
systemically. For example, for systemic administration, antisense molecules can be modified 
such that they specifically bind to receptors or antigens expressed on a selected cell surface, e.g., 

30 by linking the antisense nucleic acid molecules to peptides or antibodies that bind to cell surface 
receptors or antigens. The antisense nucleic acid molecules can also be delivered to cells using 
the vectors described herein. To achieve sufficient intracellular concentrations of antisense 
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molecules, vector constructs in which the antisense nucleic acid molecule is placed under the 
control of a strong pol II or pol III promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention is an 
a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific 
5 double-stranded hybrids with complementary RNA in which, contrary to the usual (3-units, the 
strands run parallel to each other (Gaultier et al (1987) Nucleic Acids Res 15: 6625-6641). The 
antisense nucleic acid molecule can also comprise a 2'-o-methylribonucleotide (Inoue et al (1987) 
Nucleic Acids Res 15: 6131-6148) or a chimeric RNA -DN A analogue (Inoue etal (\9$7)FEBS 
Lett 215: 327-330). 

1 0 RlBOZYMES AND PNA MOIETIES 

In still another embodiment, an antisense nucleic acid of the invention is a ribozyme. 
Ribo2ymes are catalytic RNA molecules with ribonuclease activity that are capable of cleaving a 
single-stranded nucleic acid, such as an mRNA, to which they have a complementary region. 
Thus, ribozymes (e.g., hammerhead ribo2ymes (described in Haselhoff and Gerlach (1988) 

15 Nature 334:585-591)) can be used to catalytically cleave CARDIOTOX mRNA transcripts to 
thereby inhibit translation of CARDIOTOX mRNA. A ribozyme having specificity for a 
CARDIOTOX-encoding nucleic acid can be designed based upon the nucleotide sequence of a 
CARDIOTOX DNA disclosed herein. For example, a derivative of a Tetrahymena L-19 F/S 
RNA can be constructed in which the nucleotide sequence of the active site is complementary to 

20 the nucleotide sequence to be cleaved in a CARDIOTOX-encoding mRNA. See, e.g., Cech et al 
U.S. Pat. No. 4,987,071; and Cech et al U.S. Pat. No. 5,116,742. Alternatively, CARDIOTOX 
mRNA can be used to select a catalytic RNA having a specific ribonuclease activity from a pool 
of RNA molecules. See, e.g., Bartel et al, (1993) Science 261:1411-1418. 

Alternatively, CARDIOTOX gene expression can be inhibited by targeting nucleotide 
25 sequences complementary to the regulatory region of a CARDIOTOX nucleic acid (e.g., the 
CARDIOTOX promoter and/or enhancers) to form triple helical structures that prevent 
transcription of the CARDIOTOX gene in target cells. See generally, Helene. (1991) Anticancer 
DrugDes. 6: 569-84; Helene. etal (1992) Ann. NY. Acad Sci. 660:27-36; and Maher (1992) 
Bioassays 14: 807-15. 

30 In various embodiments, the nucleic acids of CARDIOTOX can be modified at the base 

moiety, sugar moiety or phosphate backbone to improve, e.g., the stability, hybridization, or 
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solubility of the molecule. For example, the deoxyribose phosphate backbone of the nucleic 
acids can be modified to generate peptide nucleic acids (see Hyrup et al (1996) BioorgMed 
Chem 4: 5-23). As used herein, the terms "peptide nucleic acids" or "PNAs" refer to nucleic acid 
mimics, e.g., DNA mimics, in which the deoxyribose phosphate backbone is replaced by a 

5 pseudopeptide backbone and only the four natural nucleobases are retained. The neutral 

backbone of PNAs has been shown to allow for specific hybridization to DNA and RNA under 
conditions of low ionic strength. The synthesis of PNA oligomers can be performed using 
standard solid phase peptide synthesis protocols as described in Hyrup et al. (1996) above; 
Perry-O'Keefe et al (1996) PNAS 93: 14670-675. 

10 PNAs of CARDIOTOX can be used in therapeutic and diagnostic applications. For 

example, PNAs can be used as antisense or antigene agents for sequence-specific modulation of 
gene expression by, e.g., inducing transcription or translation arrest or inhibiting replication. 
PNAs of CARDIOTOX can also be used, e.g., in the analysis of single base pair mutations in a 
gene by, e.g., PNA directed PCR clamping; as artificial restriction enzymes when used in 

15 combination with other enzymes, e.g., SI nucleases (Hyrup B. (1996) above); or as probes or 
primers for DNA sequence and hybridization (Hyrup et al. (1996), above; Perry-O'Keefe (1996), 
above). 

In another embodiment, PNAs of CARDIOTOX can be modified, e.g., to enhance their 
stability or cellular uptake, by attaching lipophilic or other helper groups to PNA, by the 

20 formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of drug 

delivery known in the art. For example, PNA-DNA chimeras of CARDIOTOX can be generated 
that may combine the advantageous properties of PNA and DNA. Such chimeras allow DNA 
recognition enzymes, e.g., RNase H and DNA polymerases, to interact with the DNA portion 
while the PNA portion would provide high binding affinity and specificity. PNA-DNA chimeras 

25 can be linked using linkers of appropriate lengths selected in terms of base stacking, number of 
bonds between the nucleobases, and orientation (Hyrup (1996) above). The synthesis of 
PNA-DNA chimeras can be performed as described in Hyrup (1996) above and Finn et al. 
(1996) Nucl Acids Res 24: 3357-63. For example, a DNA chain can be synthesized on a solid 
support using standard phosphoramidite coupling chemistry, and modified nucleoside analogs, 

30 e.g., 5'-(4-methoxytrityl)amino-5'-deoxy-thymidine phosphoramidite, can be used between the 
PNA and the 5' end of DNA (Mag et al (1989) Nucl Acid Res 17: 5973-88). PNA monomers are 
then coupled in a stepwise manner to produce a chimeric molecule with a 5' PNA segment and a 
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3' DNA segment (Finn et al (1996) above). Alternatively, chimeric molecules can be 
synthesized with a 5' DNA segment and a 3' PNA segment. See, Petersen et al (1975) Bioorg 
MedChemLettS: 1119-11124. 

In other embodiments, the oligonucleotide may include other appended groups such as 
5 peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating transport across the 
cell membrane (see, e.g., Letsinger et al, 1989, Proc. Natl Acad. Sci. U.S.A. 86:6553-6556; 
Lemaitre et al, 1987, Proc. Natl Acad Sci. 84:648-652; PCT Publication No. W088/09810) or 
the blood-brain barrier (see, e.g., PCT Publication No. W089/10134). In addition, 
oligonucleotides can be modified with hybridization triggered cleavage agents (See, e.g., Krol et 
10 al, 1988, BioTechniques 6:958-976) or intercalating agents. (See, e.g., Zon, 1988, Pharm. Res. 
5: 539-549). To this end, the oligonucleotide may be conjugated to another molecule, e.g., a 
peptide, a hybridization triggered cross-linking agent, a transport agent, a hybridization-triggered 
cleavage agent, etc. 

CARDIOTOX POLYPEPTIDES 

15 One aspect of the invention pertains to isolated CARDIOTOX proteins, and biologically 

active portions thereof, or derivatives, fragments, analogs or homologs thereof. Also provided 
are polypeptide fragments suitable for use as immunogens to raise anti-CARDIOTOX antibodies. 
In one embodiment, native CARDIOTOX proteins can be isolated from cells or tissue sources by 
an appropriate purification scheme using standard protein purification techniques. In another 

20 embodiment, CARDIOTOX proteins are produced by recombinant DNA techniques. Alternative 
to recombinant expression, a CARDIOTOX protein or polypeptide can be synthesized 
chemically using standard peptide synthesis techniques. 

An "isolated" or "purified" protein or biologically active portion thereof is substantially 
free of cellular material or other contaminating proteins from the cell or tissue source from which 

25 the CARDIOTOX protein is derived, or substantially free from chemical precursors or other 
chemicals when chemically synthesized. The language "substantially free of cellular material" 
includes preparations of CARDIOTOX protein in which the protein is separated from cellular 
components of the cells from which it is isolated or recombinantly produced. In one 
embodiment, the language "substantially free of cellular material" includes preparations of 

30 CARDIOTOX protein having less than about 30% (by dry weight) of non-CARDIOTOX protein 
(also referred to herein as a "contaminating protein"), more preferably less than about 20% of 
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non-CARDIOTOX protein, still more preferably less than about 10% of non-CARDIOTOX 
protein, and most preferably less than about 5% non-CARDIOTOX protein. When the 
CARDIOTOX protein or biologically active portion thereof is recombinantly produced, it is also 
preferably substantially free of culture medium, i.e., culture medium represents less than about 
5 20%, more preferably less than about 10%, and most preferably less than about 5% of the 
volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 
preparations of CARDIOTOX protein in which the protein is separated from chemical precursors 
or other chemicals that are involved in the synthesis of the protein. In one embodiment, the 

10 language "substantially free of chemical precursors or other chemicals" includes preparations of 
CARDIOTOX protein having less than about 30% (by dry weight) of chemical precursors or 
non-CARDIOTOX chemicals, more preferably less than about 20% chemical precursors or 
non-CARDIOTOX chemicals, still more preferably less than about 10% chemical precursors or 
non-CARDIOTOX chemicals, and most preferably less than about 5% chemical precursors or 

15 non-CARDIOTOX chemicals. 

Biologically active portions of a CARDIOTOX protein include peptides comprising 
amino acid sequences sufficiently homologous to or derived from the amino acid sequence of the 
CARDIOTOX protein, e.g., the amino acid sequence encoded by a nucleic acid comprising 
CARDIOTOX 1-20 that include fewer amino acids than the full length CARDIOTOX proteins, 
20 and exhibit at least one activity of a CARDIOTOX protein. Typically, biologically active 

portions comprise a domain or motif with at least one activity of the CARDIOTOX protein. A 
biologically active portion of a CARDIOTOX protein can be a polypeptide which is, for 
example, 10, 25, 50, 100 or more amino acids in length. 

A biologically active portion of a CARDIOTOX protein of the present invention may 
25 contain at least one of the above-identified domains conserved between the CARDIOTOX 
proteins. An alternative biologically active portion of a CARDIOTOX protein may contain at 
least two of the above-identified domains. Another biologically active portion of a 
CARDIOTOX protein may contain at least three of the above-identified domains. Yet another 
biologically active portion of a CARDIOTOX protein of the present invention may contain at 
30 least four of the above-identified domains. 
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Moreover, other biologically active portions, in which other regions of the protein are 
deleted, can be prepared by recombinant techniques and evaluated for one or more of the 
functional activities of a native CARDIOTOX protein. 

In some embodiments, the CARDIOTOX protein is substantially homologous to one of 
5 these CARDIOTOX proteins and retains its the functional activity, yet differs in amino acid 
sequence due to natural allelic variation or mutagenesis, as described in detail below. 

In specific embodiments, the invention includes an isolated polypeptide comprising an 
amino acid sequence that is 80% or more identical to the sequence of a polypeptide whose 
expression is modulated in a mammal to which cardiotoxic agent is administered. 

1 0 Determining homology between two or more sequences 

To determine the percent homology of two amino acid sequences or of two nucleic acids, 
the sequences are aligned for optimal comparison purposes {e.g., gaps can be introduced in the 
sequence of a first amino acid or nucleic acid sequence for optimal alignment with a second 
amino or nucleic acid sequence). The amino acid residues or nucleotides at corresponding amino 
1 5 acid positions or nucleotide positions are then compared. When a position in the first sequence is 
occupied by the same amino acid residue or nucleotide as the corresponding position in the 
second sequence, then the molecules are homologous at that position (z.e., as used herein amino 
acid or nucleic acid "homology" is equivalent to amino acid or nucleic acid "identity"). 

The nucleic acid sequence homology may be determined as the degree of identity 
20 between two sequences. The homology may be determined using computer programs known in 
the art, such as GAP software provided in the GCG program package. See Needleman and 
Wunsch 1970 JMol Biol 48: 443-453. Using GCG GAP software with the following settings for 
nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP extension penalty of 
0.3, the coding region of the analogous nucleic acid sequences referred to above exhibits a degree 
25 of identity preferably of at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%, with the CDS 
(encoding) part of a DNA sequence comprising CARDIOTOX: :l-7, 10-13, 19-34, 45-53, 58-85, 
111-113, 120,130, 132-134 and 138. 

The term "sequence identity" refers to the degree to which two polynucleotide or 
polypeptide sequences are identical on a residue-by-residue basis over a particular region of 
30 comparison. The term "percentage of sequence identity" is calculated by comparing two 
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optimally aligned sequences over that region of comparison, determining the number of positions 
at which the identical nucleic acid base (e.g., A, T, C, G, U, or I, in the case of nucleic acids) 
occurs in both sequences to yield the number of matched positions, dividing the number of 
matched positions by the total number of positions in the region of comparison (i.e., the window 
5 size), and multiplying the result by 1 00 to yield the percentage of sequence identity. The term 
"substantial identity" as used herein denotes a characteristic of a polynucleotide sequence, 
wherein the polynucleotide comprises a sequence that has at least 80 percent sequence identity, 
preferably at least 85 percent identity and often 90 to 95 percent sequence identity, more usually 
at least 99 percent sequence identity as compared to a reference sequence over a comparison 
10 region. 

Chimeric and fusion proteins 

The invention also provides CARDIOTOX chimeric or fusion proteins. As used herein, 
an CARDIOTOX "chimeric protein" or "fusion protein" comprises an CARDIOTOX 
polypeptide operatively linked to a non-CARDIOTOX polypeptide. A "CARDIOTOX 

15 polypeptide" refers to a polypeptide having an amino acid sequence corresponding to 

CARDIOTOX, whereas a "non-CARDIOTOX polypeptide" refers to a polypeptide having an 
amino acid sequence corresponding to a protein that is not substantially homologous to the 
CARDIOTOX protein, e.g., a protein that is different from the CARDIOTOX protein and that is 
derived from the same or a different organism. Within an CARDIOTOX fusion protein the 

20 CARDIOTOX polypeptide can correspond to all or a portion of an CARDIOTOX protein. In 
one embodiment, an CARDIOTOX fusion protein comprises at least one biologically active 
portion of an CARDIOTOX protein. In another embodiment, an CARDIOTOX fusion protein 
comprises at least two biologically active portions of an CARDIOTOX protein. In yet another 
embodiment, an CARDIOTOX fusion protein comprises at least three biologically active 

25 portions of an CARDIOTOX protein. Within the fusion protein, the term "operatively linked" is 
intended to indicate that the CARDIOTOX polypeptide and the non-CARDIOTOX polypeptide 
are fused in-frame to each other. The non-CARDIOTOX polypeptide can be fused to the 
N-terminus or C-terminus of the CARDIOTOX polypeptide. 

For example, in one embodiment an CARDIOTOX fusion protein comprises an 
30 CARDIOTOX domain operably linked to the extracellular domain of a second protein. Such 
fusion proteins can be further utilized in screening assays for compounds which modulate 
CARDIOTOX activity (such assays are described in detail below). 
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In yet another embodiment, the fusion protein is a GST-CARDIOTOX fusion protein in 
which the CARDIOTOX sequences are fused to the C-terminus of the GST (i.e., glutathione 
S-transferase) sequences. Such fusion proteins can facilitate the purification of recombinant 
CARDIOTOX. 

5 In another embodiment, the fusion protein is an CARDIOTOX protein containing a 

heterologous signal sequence at its N-terminus. For example, a native CARDIOTOX signal 
sequence can be removed and replaced with a signal sequence from another protein. In certain 
host cells (eg., mammalian host cells), expression and/or secretion of CARDIOTOX can be 
increased through use of a heterologous signal sequence. 

10 In yet another embodiment, the fusion protein is an CARDIOTOX-immunoglobulin 

fusion protein in which the CARDIOTOX sequences comprising one or more domains are fused 
to sequences derived from a member of the immunoglobulin protein family. The 
CARDIOTOX-immunoglobulin fusion proteins of the invention can be incorporated into 
pharmaceutical compositions and administered to a subject to inhibit an interaction between a 

1 5 CARDIOTOX ligand and a CARDIOTOX protein on the surface of a cell, to thereby suppress 
CARDIOTOX-mediated signal transduction in vivo. The CARDIOTOX-immunoglobulin fusion 
proteins can be used to affect the bioavailability of an CARDIOTOX cognate ligand. Inhibition 
of the CARDIOTOX ligand/CARDIOTOX interaction may be useful therapeutically for both the 
treatments of proliferative and differentiative disorders, as well as modulating (e.g. promoting or 

20 inhibiting) cell survival. Moreover, the CARDIOTOX-immunoglobulin fusion proteins of the 
invention can be used as immunogens to produce anti-CARDIOTOX antibodies in a subject, to 
purify CARDIOTOX ligands, and in screening assays to identify molecules that inhibit the 
interaction of CARDIOTOX with a CARDIOTOX ligand. 

An CARDIOTOX chimeric or fusion protein of the invention can be produced by 
25 standard recombinant DNA techniques. For example, DNA fragments coding for the different 
polypeptide sequences are ligated together in-frame in accordance with conventional techniques, 
e '&, by employing blunt-ended or stagger-ended termini for ligation, restriction enzyme 
digestion to provide for appropriate termini, filling-in of cohesive ends as appropriate, alkaline 
phosphatase treatment to avoid undesirable joining, and enzymatic ligation. In another 
30 embodiment, the fusion gene can be synthesized by conventional techniques including automated 
DNA synthesizers. Alternatively, PGR amplification of gene fragments can be carried out using 
anchor primers that give rise to complementary overhangs between two consecutive gene 
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fragments that can subsequently be annealed and reamplified to generate a chimeric gene 
sequence (see, for example, Ausubel et al (eds.) CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, 
John Wiley & Sons, 1992). Moreover, many expression vectors are commercially available that 
already encode a fusion moiety (e.g., a GST polypeptide). An CARDIOTOX-encoding nucleic 
5 acid can be cloned into such an expression vector such that the fusion moiety is linked in-frame 
to the CARDIOTOX protein. 

CARDIOTOX AGONISTS AND antagonists 

The present invention also pertains to variants of the CARDIOTOX proteins that function 
as either CARDIOTOX agonists (mimetics) or as CARDIOTOX antagonists. Variants of the 
10 CARDIOTOX protein can be generated by mutagenesis, e.g., discrete point mutation or 

truncation of the CARDIOTOX protein. An agonist of the CARDIOTOX protein can retain 
substantially the same, or a subset of, the biological activities of the naturally occurring form of 
the CARDIOTOX protein. An antagonist of the CARDIOTOX protein can inhibit one or more 
of the activities of the naturally occurring form of the CARDIOTOX protein by, for example, 

i 

1 5 competitively binding to a downstream or upstream member of a cellular signaling cascade 
which includes the CARDIOTOX protein. Thus, specific biological effects can be elicited by 
treatment with a variant of limited function. In one embodiment, treatment of a subject with a 
variant having a subset of the biological activities of the naturally occurring form of the protein 
has fewer side effects in a subject relative to treatment with the naturally occurring form of the 

20 CARDIOTOX proteins. 

Variants of the CARDIOTOX protein that function as either CARDIOTOX agonists 
(mimetics) or as CARDIOTOX antagonists can be identified by screening combinatorial libraries 
of mutants, e.g., truncation mutants, of the CARDIOTOX protein for CARDIOTOX protein 
agonist or antagonist activity. In one embodiment, a variegated library of CARDIOTOX variants 

25 is generated by combinatorial mutagenesis at the nucleic acid level and is encoded by a 

variegated gene library. A variegated library of CARDIOTOX variants can be produced by, for 
example, enzymatically ligating a mixture of synthetic oligonucleotides into gene sequences such 
that a degenerate set of potential CARDIOTOX sequences is expressible as individual 
polypeptides, or alternatively, as a set of larger fusion proteins (e.g., for phage display) 

30 containing the set of CARDIOTOX sequences therein. There are a variety of methods which can 
be used to produce libraries of potential CARDIOTOX variants from a degenerate 
oligonucleotide sequence. Chemical synthesis of a degenerate gene sequence can be performed 
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in an automatic DNA synthesizer, and the synthetic gene then ligated into an appropriate 
expression vector. Use of a degenerate set of genes allows for the provision, in one mixture, of 
all of the sequences encoding the desired set of potential CARDIOTOX sequences. Methods for 
synthesizing degenerate oligonucleotides are known in the art (see, e.g., Narang (1983) 
5 Tetrahedron 39:3; Itakura et al (1984) Anna Rev Biochem 53:323; Itakura et al (1984) Science 
198:1056; Ike etal (1983) Nucl Acid Res 11:477. 



Polypeptide libraries 

In addition, libraries of fragments of the CARDIOTOX protein coding sequence can be 
used to generate a variegated population of CARDIOTOX fragments for screening and 
10 subsequent selection of variants of an CARDIOTOX protein. In one embodiment, a library of 
coding sequence fragments can be generated by treating a double stranded PCR fragment of a 
CARDIOTOX coding sequence with a nuclease under conditions wherein nicking occurs only 
about once per molecule, denaturing the double stranded DNA, renaturing the DNA to form 
double stranded DNA that can include sense/antisense pairs from different nicked products, 
15 removing single stranded portions from reformed duplexes by treatment with SI nuclease, and 
ligating the resulting fragment library into an expression vector. By this method, an expression 
library can be derived which encodes N-terminal and internal fragments of various sizes of the 
CARDIOTOX protein. 

Several techniques are known in the art for screening gene products of combinatorial 
libraries made by point mutations or truncation, and for screening cDNA libraries for gene 
products having a selected property. Such techniques are adaptable for rapid screening of the 
gene libraries generated by the combinatorial mutagenesis of CARDIOTOX proteins. The most 
widely used techniques, which are amenable to high throughput analysis, for screening large 
gene libraries typically include cloning the gene library into replicable expression vectors, 
transforming appropriate cells with the resulting library of vectors, and expressing the 
combinatorial genes under conditions in which detection of a desired activity facilitates isolation 
of the vector encoding the gene whose product was detected. Recursive ensemble mutagenesis 
(REM), a new technique that enhances the frequency of functional mutants in the libraries, can 
be used in combination with the screening assays to identify CARDIOTOX variants (Arkin and 
Yourvan (1992) PNAS 89:781 1-7815; Delgrave et al (1993) Protein Engineering 6:327-33 1). 
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Anti-CARDIOTOX antibodies 

An isolated CARDIOTOX protein, or a portion or fragment thereof, can be used as an 
immunogen to generate antibodies that bind CARDIOTOX using standard techniques for 
polyclonal and monoclonal antibody preparation. The full-length CARDIOTOX protein can be 

5 used or, alternatively, the invention provides antigenic peptide fragments of CARDIOTOX for 
use as immunogens. The antigenic peptide of CARDIOTOX comprises at least 8 amino acid 
residues of the amino acid sequence encoded by a nucleic acid comprising the nucleic acid 
sequence shown in CARDIOTOX: 1-7, 10-13, 19-34, 45-53, 58-85, 111-113, 120, 130, 132-134 
and 138 and encompasses an epitope of CARDIOTOX such that an antibody raised against the 

1 0 peptide forms a specific immune complex with CARDIOTOX. Preferably, the antigenic peptide 
comprises at least 10 amino acid residues, more preferably at least 15 amino acid residues, even 
more preferably at least 20 amino acid residues, and most preferably at least 30 amino acid 
residues. Preferred epitopes encompassed by the antigenic peptide are regions of CARDIOTOX 
that are located on the surface of the protein, e.g., hydrophilic regions. As a means for targeting 

1 5 antibody production, hydropathy plots showing regions of hydrophilicity and hydrophobicity 
may be generated by any method well known in the art, including, for example, the Kyte 
Doolittle or the Hopp Woods methods, either with or without Fourier transformation. See, e.g., 
Hopp and Woods, 1981, Proc. Nat. Acad. Sci. USA 78: 3824-3828; Kyte and Doolittle 1982, J. 
Mol. Biol. 157: 105-142, each incorporated herein by reference in their entirety. 

20 CARDIOTOX polypeptides or derivatives, fragments, analogs or homologs thereof, may 

be utilized as immunogens in the generation of antibodies that immunospecifically-bind these 
protein components. The term "antibody" as used herein refers to immunoglobulin molecules 
and immunologically active portions of immunoglobulin molecules, i.e., molecules that contain 
an antigen binding site that specifically binds (immunoreacts with) an antigen. Such antibodies 

25 include, but are not limited to, polyclonal, monoclonal, chimeric, single chain, F ab and F (atf)2 

fragments, and an F ab expression library. Various procedures known within the art may be used 
for the production of polyclonal or monoclonal antibodies to an CARDIOTOX protein sequence, 
or derivatives, fragments, analogs or homologs thereof. Some of these proteins are discussed 
below. 

30 For the production of polyclonal antibodies, various suitable host animals {e.g., rabbit, 

goat, mouse or other mammal) may be immunized by injection with the native protein, or a 
synthetic variant thereof, or a derivative of the foregoing. An appropriate immunogenic 
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preparation can contain, for example, recombinantly expressed CARDIOTOX protein or a 
chemically synthesized CARDIOTOX polypeptide. The preparation can further include an 
adjuvant. Various adjuvants used to increase the immunological response include, but are not 
limited to, Freund's (complete and incomplete), mineral gels (e.g., aluminum hydroxide), surface 
5 active substances (e.g., lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, 
dinitrophenol, etc.), human adjuvants such as Bacille Calmette-Guerin and Corynebacterium 
parvum, or similar immunostimulatory agents. If desired, the antibody molecules directed 
against CARDIOTOX can be isolated from the mammal (e.g., from the blood) and further 
purified by well known techniques, such as protein A chromatography to obtain the IgG fraction. 

10 The term "monoclonal antibody" or "monoclonal antibody composition", as used herein, 

refers to a population of antibody molecules that contain only one species of an antigen binding 
site capable of immunoreacting with a particular epitope of CARDIOTOX. A monoclonal 
antibody composition thus typically displays a single binding affinity for a particular 
CARDIOTOX protein with which it immunoreacts. For preparation of monoclonal antibodies 

1 5 directed towards a particular CARDIOTOX protein, or derivatives, fragments, analogs or 
homologs thereof, any technique that provides for the production of antibody molecules by 
continuous cell line culture may be utilized. Such techniques include, but are not limited to, the 
hybridoma technique (see Kohler & Milstein, 1975 Nature 256: 495-497); the trioma technique; 
the human B-cell hybridoma technique (see Kozbor, et al, 1983 Immunol Today 4: 72) and the 

20 EBV hybridoma technique to produce human monoclonal antibodies (see Cole, et al, 1985 In: 
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Human 
monoclonal antibodies may be utilized in the practice of the present invention and may be 
produced by using human hybridomas (see Cote, et al, 1983. Proc Natl Acad Sci USA 80: 
2026-2030) or by transforming human B-cells with Epstein Barr Virus in vitro (see Cole, et al, 

25 1985 In: Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

According to the invention, techniques can be adapted for the production of single-chain 
antibodies specific to a CARDIOTOX protein (see e.g., U.S. Patent No. 4,946,778). In addition, 
methods can be adapted for the construction of F Bb expression libraries (see e.g., Huse, et al, 
1989 Science 246: 1275-1281) to allow rapid and effective identification of monoclonal 
30 fragments with the desired specificity for a CARDIOTOX protein or derivatives, fragments, 
analogs or homologs thereof. Non-human antibodies can be "humanized" by techniques well 
known in the art. See e.g., U.S. Patent No. 5,225,539. Antibody fragments that contain the 
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idiotypes to a CARDIOTOX protein may be produced by techniques known in the art including, 
but not limited to: (i) an F w fragment produced by pepsin digestion of an antibody molecule; 
(if) an fragment generated by reducing the disulfide bridges of an F (al>02 fragment; (/if) an F ab 
fragment generated by the treatment of the antibody molecule with papain and a reducing agent 
5 and (zv) F v fragments. 

Additionally, recombinant anti-CARDIOTOX antibodies, such as chimeric and 
humanized monoclonal antibodies, comprising both human and non-human portions, which can 
be made using standard recombinant DNA techniques, are within the scope of the invention. 
Such chimeric and humanized monoclonal antibodies can be produced by recombinant DNA 

10 techniques known in the art, for example using methods described in PCT International 

Application No. PCT/US 8 6/02269; European Patent Application No. 1 84,1 87; European Patent 
Application No. 171,496; European Patent Application No. 173,494; PCT International 
Publication No. WO 86/01 533; U.S. Pat. No. 4,816,567; European Patent Application No. 
125,023; Better et a/.(1988) Science 240:1041-1043; Liu et al (1987) PNAS 84:3439-3443; Liu 

15 etal (mi)JImmunol 139:3521-3526; Sunetal (mi)PNAS 84:214-21 8; Nishimura 

(1987) Cancer Res 47:999-1005; Wood etal (\9%5)Nature 314:446-449; ShaweM/. (1988)/ 
Natl Cancer Inst 80:1553-1559); Morrison(l 985) Science 229:1202-1207; Oi etal (1986) 
BioTechniques 4:214; U.S. Pat No. 5,225,539; Jones et al (1986) Nature 321:552-525; 
Verhoeyan etal (1988) Science 239:1534; and Beidler etal (1988) J Immunol 141:4053-4060. 

20 In one embodiment, methods for the screening of antibodies that possess the desired 

specificity include, but are not limited to, enzyme-linked immunosorbent assay (ELISA) and 
other immunologically-mediated techniques known within the art. In a specific embodiment, 
selection of antibodies that are specific to a particular domain of a CARDIOTOX protein is 
facilitated by generation of hybridomas that bind to the fragment of a CARDIOTOX protein 

25 possessing such a domain. Antibodies that are specific for one or more domains within a 
CARDIOTOX protein, e.g., domains spanning the above-identified conserved regions of 
CARDIOTOX family proteins, or derivatives, fragments, analogs or homologs thereof, are also 
provided herein. 

Anti-CARDIOTOX antibodies may be used in methods known within the art relating to 
30 the localization and/or quantitation of a CARDIOTOX protein (e.g., for use in measuring levels 
of the CARDIOTOX protein within appropriate physiological samples, for use in diagnostic 
methods, for use in imaging the protein, and the like). In a given embodiment, antibodies for 
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CARDIOTOX proteins, or derivatives, fragments, analogs or homologs thereof, that contain the 
antibody derived binding domain, are utilized as pharmacologically-active compounds 
[hereinafter "Therapeutics' 1 ]. 

An anti-CARDIOTOX antibody (e.g., monoclonal antibody) can be used to isolate 

5 CARDIOTOX by standard techniques, such as affinity chromatography or immunoprecipitation. 
An anti-CARDIOTOX antibody can facilitate the purification of natural CARDIOTOX from 
cells and of recombinant^ produced CARDIOTOX expressed in host cells. Moreover, an 
anti-CARDIOTOX antibody can be used to detect CARDIOTOX protein (e.g., in a cellular 
lysate or cell supernatant) in order to evaluate the abundance and pattern of expression of the 

10 CARDIOTOX protein. Anti-CARDIOTOX antibodies can be used diagnostically to monitor 
protein levels in tissue as part of a clinical testing procedure, e.g., to, for example, determine the 
efficacy of a given treatment regimen. Detection can be facilitated by coupling (i.e., physically 
linking) the antibody to a detectable substance. Examples of detectable substances include 
various enzymes, prosthetic groups, fluorescent materials, luminescent materials, bioluminescent 

15 materials, and radioactive materials. Examples of suitable enzymes include horseradish 

peroxidase, alkaline phosphatase, -galactosidase, or acetylcholinesterase; examples of suitable 
prosthetic group complexes include streptavidin/biotin and avidin/biotin; examples of suitable 
fluorescent materials include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, 
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a 

20 luminescent material includes luminol; examples of bioluminescent materials include luciferase,. 
luciferin, and aequorin, and examples of suitable radioactive material include 125 I, l3l I, 35 S or 3 H. 

CARDIOTOX RECOMBINANT EXPRESSION VECTORS AND HOST CELLS 

Another aspect of the invention pertains to vectors, preferably expression vectors, 
containing a nucleic acid encoding CARDIOTOX protein, or derivatives, fragments, analogs or 

25 homologs thereof. As used herein, the term "vector" refers to a nucleic acid molecule capable of 
transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid", 
which refers to a linear or circular double stranded DNA loop into which additional DNA 
segments can be ligated. Another type of vector is a viral vector, wherein additional DNA 
segments can be ligated into the viral genome. Certain vectors are capable of autonomous 

30 replication in a host cell into which they are introduced (e.g., bacterial vectors having a bacterial 
origin of replication and episomal mammalian vectors). Other vectors (e.g., non-episomal 
mammalian vectors) are integrated into the genome of a host cell upon introduction into the host 
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cell, and thereby are replicated along with the host genome. Moreover, certain vectors are 
capable of directing the expression of genes to which they are operatively linked. Such vectors 
are referred to herein as "expression vectors". In general, expression vectors of utility in 
recombinant DNA techniques are often in the form of plasmids. In the present specification, 
5 "plasmid" and "vector" can be used interchangeably as the plasmid is the most commonly used 
form of vector. However, the invention is intended to include such other forms of expression 
vectors, such as viral vectors {e.g., replication defective retroviruses, adenoviruses and 
adeno-associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of the 
invention in a form suitable for expression of the nucleic acid in a host cell, which means that the 
recombinant expression vectors include one or more regulatory sequences, selected on the basis 
of the host cells to be used for expression, that is operatively linked to the nucleic acid sequence 
to be expressed. Within a recombinant expression vector, "operably linked" is intended to mean 
that the nucleotide sequence of interest is linked to the regulatory sequence(s) in a manner that 
allows for expression of the nucleotide sequence {e.g., in an in vitro transcription/translation 
system or in a host cell when the vector is introduced into the host cell). The term "regulatory 
sequence" is intended to includes promoters, enhancers and other expression control elements 
{e.g., polyadenylation signals). Such regulatory sequences are described, for example, in 
Goeddel; Gene Expression Technology: Methods in Enzymology 185, Academic Press, 
San Diego, Calif. (1990). Regulatory sequences include those that direct constitutive expression 
of a nucleotide sequence in many types of host cell and those that direct expression of the 
nucleotide sequence only in certain host cells {e.g., tissue-specific regulatory sequences). It will 
be appreciated by those skilled in the art that the design of the expression vector can depend on 
such factors as the choice of the host cell to be transformed, the level of expression of protein 
desired, etc. The expression vectors of the invention can be introduced into host cells to thereby 
produce proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as 
described herein {e.g., CARDIOTOX proteins, mutant forms of CARDIOTOX, fusion proteins, 
etc.). 

The recombinant expression vectors of the invention can be designed for expression of 
30 CARDIOTOX in prokaryotic or eukaryotic cells. For example, CARDIOTOX can be expressed 
in bacterial cells such as E. coli, insect cells (using baculovirus expression vectors) yeast cells or 
mammalian cells. Suitable host cells are discussed further in Goeddel, Gene Expression 
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Technology: Methods in Enzymology 185, Academic Pressman Diego, Calif. (1990). 
Alternatively, the recombinant expression vector can be transcribed and translated in vitro, for 
example using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in E. coli with vectors 
5 containing constitutive or inducible promoters directing the expression of either fusion or 
non-fusion proteins. Fusion vectors add a number of amino acids to a protein encoded therein, 
usually to the amino terminus of the recombinant protein. Such fusion vectors typically serve 
three purposes: (1) to increase expression of recombinant protein; (2) to increase the solubility of 
the recombinant protein; and (3) to aid in the purification of the recombinant protein by acting as 
10 a ligand in affinity purification. Often, in fusion expression vectors, a proteolytic cleavage site is 
introduced at the junction of the fusion moiety and the recombinant protein to enable separation 
of the recombinant protein from the fusion moiety subsequent to purification of the fusion 
protein. Such enzymes, and their cognate recognition sequences, include Factor Xa, thrombin 
and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; 
15 Smith and Johnson (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly, Mass.) and 
pRIT5 (Pharmacia, Piscataway, N.J.) that fuse glutathione S-transferase (GST), maltose E 
binding protein, or protein A, respectively, to the target recombinant protein. 

Examples of suitable inducible non-fusion E. coli expression vectors include pTrc 
(Amrann et al, (1 988) Gene 69:301-3 1 5) and pET 1 Id (Studier et aL, Gene EXPRESSION 
20 Technology: Methods in Enzymology 1 85, Academic Press, San Diego, Calif. (1 990) 
60-89). 

One strategy to maximize recombinant protein expression in E. coli is to express the 
protein in a host bacteria with an impaired capacity to proteolytically cleave the recombinant 
protein. See, Gottesman, Gene Expression Technology: Methods in Enzymology 1 85, 

25 Academic Press, San Diego, Calif. (1990) 1 19-128. Another strategy is to alter the nucleic acid 
sequence of the nucleic acid to be inserted into an expression vector so that the individual codons 
for each amino acid are those preferentially utilized in E. coli (Wada et al., (1992) Nucleic Acids 
Res, 20:211:1-7, 10-13, 19-34,45-53, 58-85, 111-113, 120, 130, 132-134 and 13518). Such 
alteration of nucleic acid sequences of the invention can be carried out by standard DNA 

30 synthesis techniques. 
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In another embodiment, the CARDIOTOX expression vector is a yeast expression vector. 
Examples of vectors for expression in yeast S. cerevisiae include pYepSecl (Baldari, et al, 
(1987) EMBO J 6:229-234), pMFa (Kurjan and Herskowitz, (1982) Cell 30:933-943), pJRY88 
(Schultz et al, (1987) Gene 54:1 13-123), pYES2 (Invitrogen Corporation, San Diego, Calif.), 
5 and picZ (InVitrogen Corp, San Diego, Calif.). 

Alternatively, CARDIOTOX can be expressed in insect cells using baculovirus 
expression vectors. Baculovirus vectors available for expression of proteins in cultured insect 
cells (e.g., SF9 cells) include the pAc series (Smith et al (1983) Mol Cell Biol 3 :21 56-21 65) and 
the pVL series (Lucklow and Summers (1989) Virology 170:31-39). 

10 In yet another embodiment, a nucleic acid of the invention is expressed in mammalian 

cells using a mammalian expression vector. Examples of mammalian expression vectors include 
pCDM8 (Seed (1987) Nature 329:840) and pMT2PC (Kaufinan et al (1987) EMBO J 
6: 187-195). When used in mammalian cells, the expression vector's control functions are often 
provided by viral regulatory elements. For example, commonly used promoters are derived from 

15 polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40. For other suitable expression 
systems for both prokaryotic and eukaryotic cells. See, e.g., Chapters 16 and 17 of Sambrook et 
al, Molecular Cloning: A Laboratory Manual. 2nd ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989. 

In another embodiment, the recombinant mammalian expression vector is capable of 

20 directing expression of the nucleic acid preferentially in a particular cell type (e.g., tissue-specific 
regulatory elements are used to express the nucleic acid). Tissue-specific regulatory elements are 
known in the art. Non-limiting examples of suitable tissue-specific promoters include the 
albumin promoter (liver-specific; Pinkert et al (1987) Genes Dev 1:268-277), lymphoid-specific 
promoters (Calame and Eaton (1988) Adv Immunol 43:235-275), in particular promoters of T cell 

25 receptors (Winoto and Baltimore (1989) EMBO J 8:729-733) and immunoglobulins (Banerji et 
al (1983) Cell 33:729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific 
promoters (e.g., the neurofilament promoter; Byrne and Ruddle (1989) PNAS 86:5473-5477), 
pancreas-specific promoters (Edlund et al (1985) Science 230:912-916), and mammary 
gland-specific promoters (e.g., milk whey promoter; U.S. Pat. No. 4,873,316 and European 

30 Application Publication No. 264,166). Developmentally-regulated promoters are also 

encompassed, e.g., the murine hox promoters (Kessel and Gruss (1990) Science 249:374-379) 
and the a-fetoprotein promoter (Campes and Tilghman (1989) Genes Dev 3:537-546). 
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The invention further provides a recombinant expression vector comprising a DNA 
molecule of the invention cloned into the expression vector in an antisense orientation. That is, 
the DNA molecule is operatively linked to a regulatory sequence in a manner that allows for 
expression (by transcription of the DNA molecule) of an RNA molecule that is antisense to 
5 CARDIOTOX mRNA. Regulatory sequences operatively linked to a nucleic acid cloned in the 
antisense orientation can be chosen that direct the continuous expression of the antisense RNA 
molecule in a variety of cell types, for instance viral promoters and/or enhancers, or regulatory 
sequences can be chosen that direct constitutive, tissue specific or cell type specific expression of 
antisense RNA. The antisense expression vector can be in the form of a recombinant plasmid, 

10 phagemid or attenuated virus in which antisense nucleic acids are produced under the control of a 
high efficiency regulatory region, the activity of which can be determined by the cell type into 
which the vector is introduced. For a discussion of the regulation of gene expression using 
antisense genes see Weintraub et aL, "Antisense RNA as a molecular tool for genetic analysis," 
Reviews-Trends in Genetics, Vol. 1(1) 1986. 

1 5 Another aspect of the invention pertains to host cells into which a recombinant expression 

vector of the invention has been introduced. The terms "host cell" and "recombinant host cell" 
are used interchangeably herein. It is understood that such terms refer not only to the particular 
subject cell but also to the progeny or potential progeny of such a cell. Because certain 
modifications may occur in succeeding generations due to either mutation or environmental 

20 influences, such progeny may not, in fact, be identical to the parent cell, but are still included 
within the scope of the term as used herein. 

A host cell can be any prokaryotic or eukaryotic cell. For example, CARDIOTOX 
protein can be expressed in bacterial cells such as E. colt, insect cells, yeast or mammalian cells 
(such as Chinese hamster ovary cells (CHO) or COS cells). Other suitable host cells are known 
25 to those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional 
transformation or transfection techniques. As used herein, the terms "transformation" and 
"transection" are intended to refer to a variety of art-recognized techniques for introducing 
foreign nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium 
30 chloride co-precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation. 
Suitable methods for transforming or transfecting host cells can be found in Sambrook, et aL 
(Molecular Cloning: A Laboratory Manual. 2nd ed., Cold Spring Harbor Laboratory, 
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Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989), and other laboratory 
manuals. 



For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may integrate the 
5 foreign DNA into their genome. In order to identify and select these integrants, a gene that 
encodes a selectable marker (e.g., resistance to antibiotics) is generally introduced into the host 
cells along with the gene of interest. Various selectable markers include those that confer 
resistance to drugs, such as G418, hygromycin and methotrexate. Nucleic acid encoding a 
selectable marker can be introduced into a host cell on the same vector as that encoding 
10 CARDIOTOX or can be introduced on a separate vector. Cells stably transfected with the 

introduced nucleic acid can be identified by drug selection (e.g., cells that have incorporated the 
selectable marker gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in culture, can 
be used to produce (z.e., express) an CARDIOTOX protein. Accordingly, the invention further 
15 provides methods for producing CARDIOTOX protein using the host cells of the invention. In 
one embodiment, the method comprises culturing the host cell of invention (into which a 
recombinant expression vector encoding CARDIOTOX has been introduced) in a suitable 
medium such that CARDIOTOX protein is produced. In another embodiment, the method 
further comprises isolating CARDIOTOX from the medium or the host cell 

Pharmaceutical Compositions 

The CARDIOTOX nucleic acid molecules, CARDIOTOX proteins, and 
anti-CARDIOTOX antibodies (also referred to herein as "active compounds") of the invention, 
and derivatives, fragments, analogs and homologs thereof, can be incorporated into 
pharmaceutical compositions suitable for administration. Such compositions typically comprise 
the nucleic acid molecule, protein, or antibody and a pharmaceutical^ acceptable carrier. As 
used herein, "phannaceutically acceptable carrier" is intended to include any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying 
agents, and the like, compatible with pharmaceutical administration. Suitable carriers are 
described in the most recent edition of Remington's Pharmaceutical Sciences, a standard 
reference text in the field, which is incorporated herein by reference. Preferred examples of such 
carriers or diluents include, but are not limited to, water, saline, finger's solutions, dextrose 
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solution, and 5% human serum albumin. Liposomes and non-aqueous vehicles such as fixed oils 
may also be used. The use of such media and agents for pharmaceutical^ active substances is 
well known in the art. Except insofar as any conventional media or agent is incompatible with 
the active compound, use thereof in the compositions is contemplated. Supplementary active 
5 compounds can also be incorporated into the compositions. 

A pharmaceutical composition of the invention is formulated to be compatible with its 
intended route of administration. Examples of routes of administration include parenteral, e.g., 
intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (topical), 
transmucosal, and rectal administration. Solutions or suspensions used for parenteral, 

10 intradermal, or subcutaneous application can include the following components: a sterile diluent 
such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene 
glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens; 
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates, and agents for 

15 the adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted with 

acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of 

20 sterile injectable solutions or dispersion. For intravenous administration, suitable carriers include 
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.) or 
phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be fluid 
to the extent that easy syringeability exists. It must be stable under the conditions of manufacture 
and storage and must be preserved against the contaminating action of microorganisms such as 

25 bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example, 
water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, 
and the like), and suitable mixtures thereof. The proper fluidity can be maintained, for example, 
by the use of a coating such as lecithin, by the maintenance of the required particle size in the 
case of dispersion and by the use of surfactants. Prevention of the action of microorganisms can 

30 be achieved by various antibacterial and antifungal agents, for example, parabens, chlorobutanol, 
phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium chloride in 
the composition. Prolonged absorption of the injectable compositions can be brought about by 
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including in the composition an agent which delays absorption, for example, aluminum 
monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound (e.g., a 
CARDIOTOX protein or anti-CARDIOTOX antibody) in the required amount in an appropriate 

5 solvent with one or a combination of ingredients enumerated above, as required, followed by 
filtered sterilization. Generally, dispersions are prepared by incorporating the active compound 
into a sterile vehicle that contains a basic dispersion medium and the required other ingredients 
from those enumerated above. In the case of sterile powders for the preparation of sterile 
injectable solutions, methods of preparation are vacuum drying and freeze-drying that yields a 

10 powder of the active ingredient plus any additional desired ingredient from a previously 
sterile-filtered solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They can be 
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic 
administration, the active compound can be incorporated with excipients and used in the form of 

15 tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use 
as a mouthwash, wherein the compound in the fluid carrier is applied orally and swished and 
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant 
materials can be included as part of the composition. The tablets, pills, capsules, troches and the 
like can contain any of the following ingredients, or compounds of a similar nature: a binder such 

20 as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a 
disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as magnesium 
stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as 
sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange 
flavoring. 

25 For administration by inhalation, the compounds are delivered in the form of an aerosol 

spray from pressured container or dispenser which contains a suitable propellant, e.g., a gas such 
as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated 
30 are used in the formulation. Such penetrants are generally known in the art, and include, for 
example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives. 
Transmucosal administration can be accomplished through the use of nasal sprays or 
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suppositories. For transdermal administration, the active compounds are formulated into 
ointments, salves, gels, or creams as generally known in the art. 

The compounds can also be prepared in the form of suppositories (e.g., with conventional 
suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal delivery. 

5 In one embodiment, the active compounds are prepared with carriers that will protect the 

compound against rapid elimination from the body, such as a controlled release formulation, 
including implants and microencapsulated delivery systems. Biodegradable, biocompatible 
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, 
collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations will 

10 be apparent to those skilled in the art. The materials can also be obtained commercially from 
Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes 
targeted to infected cells with monoclonal antibodies to viral antigens) can also be used as 
pharmaceutically acceptable carriers. These can be prepared according to methods known to 
those skilled in the art, for example, as described in U.S. Pat. No. 4,522,8 1 1 . 

15 It is especially advantageous to formulate oral or parenteral compositions in dosage unit 

form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosages for the subject to be treated; each unit 
containing a predetermined quantity of active compound calculated to produce the desired 
therapeutic effect in association with the required pharmaceutical carrier. The specification for 

20 the dosage unit forms of the invention are dictated by and directly dependent on the unique 
characteristics of the active compound and the particular therapeutic effect to be achieved, and 
the limitations inherent in the art of compounding such an active compound for the treatment of 
individuals. 

The nucleic acid molecules of the invention can be inserted into vectors and used as gene 
25 therapy vectors. Gene therapy vectors can be delivered to a subject by, for example, intravenous 
injection, local administration (see U.S. Pat. No. 5,328,470) or by stereotactic injection (see e.g., 
Chen et al (1994) PNAS 91 :3054-3057). The pharmaceutical preparation of the gene therapy 
vector can include the gene therapy vector in an acceptable diluent, or can comprise a slow 
release matrix in which the gene delivery vehicle is imbedded. Alternatively, where the complete 
30 gene delivery vector can be produced intact from recombinant cells, e.g., retroviral vectors, the 
pharmaceutical preparation can include one or more cells that produce the gene delivery system. 
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The pharmaceutical compositions can be included in a container, pack, or dispenser 
together with instructions for administration. 

Kits and nucleic acid collections for identifying CARDIOTOX nucleic acids 

In another aspect, the invention provides a kit useful for examining cardiotoxicity of 
5 agents. The kit can include nucleic acids that detect two or more CARDIOTOX sequences. In 
preferred embodiments, the kit includes reagents which detect 3, 4, 5, 6, 8, 10, 12, 15, 20, 25, 50, 
100 or all of the CARDIOTOX nucleic acid sequences. 

The invention also includes an isolated plurality of sequences which can identify one or 
more CARDIOTOX responsive nucleic acid sequences. 

1 0 The kit or plurality may include, e.g. , sequence homologous to CARDIOTOX nucleic 

acid sequences, or sequences which can specifically identify one or more CARDIOTOX nucleic 
acid sequences. 

Nucleotide polymorphisms associated with CARDIOTOX genes 

The invention also includes nucleic acid sequences that include one or more polymorphic 
15 CARDIOTOX sequences. Also included are methods of identifying a base occupying a 

polymorphic in an CARDIOTOX sequence, as well as methods of identifying an individualized 
therapeutic agent for treating serotonin modulating agent associated pathologies, e.g., valvular 
heart disease, pulminary hypertention, coronary vasospasm, or valvular and peripheral fibrosis 
based on CARDIOTOX sequence polymorphisms. 

20 The nucleotide polymorphism can be a single nucleotide polymorphism (SNP). A SNP 

occurs at a polymorphic site occupied by a single nucleotide, which is the site of variation 
between allelic sequences. The site is usually preceded by and followed by highly conserved 
sequences of the allele (e.g., sequences that vary in less than 1/100 or 1/1000 members of the 
populations). A single nucleotide polymorphism usually arises due to substitution of one 

25 - nucleotide for another at the polymorphic site. A transition is the replacement of one purine by 
another purine or one pyrimidine by another pyrimidine. A transversion is the replacement of a 
purine by a pyrimidine or vice versa. Single nucleotide polymorphisms can also arise from a 
deletion of a nucleotide or an insertion of a nucleotide relative to a reference allele. 

Polymorphic sequences according to the present invention can include those shown in 
30 Table 2. Table 2 describes eleven CARDIOTOX sequences for which polymorphisms have been 
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identified. The first column of the table lists the names assigned to the sequences in which the 
polymorphisms occur. The second column lists the human GenBank Accession numbers for the 
respective sequences. The third column lists the position in the sequence in which the 
polymorphic site has been found. The fourth column lists the base occupying the polymorphic 
5 site in the sequence in the database, i.e. , the wildtype. The fifth column lists the alternative base 
at the polymorphic site. The sixth column lists any amino acid change that occurs due to the 
polymorphism. 

The polymorphic sequence can include one or more of the following sequences: (1) a 
sequence having the nucleotide denoted in Table 2, column 4 at the polymorphic site in the 
10 polymorphic sequence, and (2) a sequence having a nucleotide other than the nucleotide denoted 
in Table 2, column 4. An example of the latter sequence is a polymorphic sequence having the 

nucleotide denoted in Table 2, column 5 at the polymorphic site in the polymorphic sequence. 

I 

For example, a polymorphism according to the invention includes a sequence 
polymorphism in the Novel gene fragment, 477 bp (98% SI to rat cDNA clone RGICF20 5' end 
15 similar to peroxisomal phytanoyl-CoA alpha-hydroxylase), in which the cytosine at nucleotide 
1 12 is replaced by tyrosine. In some embodiments the polymorphic sequence includes a 
nucleotide sequence of myosin light chain 2 gene having the GenBank Accession No. M22815, 
wherein the tyrosine at nucleotide 154 is replaced by cytosine. 

In some embodiments, the polymorphic sequence includes the full length of any one of- 
20 the eleven genes in Table2. In other embodiments, the polymorphic sequence includes a 
polynucleotide that is between 10 and 100 nucleotides, 10 and 75 nucleotides, 10 and 50 
nucleotides, or 10 and 25 nucleotides in length. 
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Table 2 



Confirmed Gene 


Human Acc # 


Base 
Position of 
cSNP 


Base Before 


Base Afterc 


Change Amino Acid 
Chance 


Novel gene fragment, 477 bp 
(98% SI to rat cDNA clone 
RGICF20 5' end similar to 
peroxisomal phytanoyl-CoA 
alpha-hydroxylase) 


AF023462 


112 
172 
184 


C 
G 
C 


T 
A 
T 


PROtoSER 
ASPtoASN 


Cytochrome c oxidase subunit 
IV 


M21575 


41 


G 


A 


LEUtoTHR 


Titin 


X69490 


10965 


T 


C 








11443 


C 


T 


PROtoSER 


Protein-tyros in e phosphatase 
(LRP) 


M34 668 


1604 
2351 


T 
T 


C 
C 








2356 


A 


c 


ASNtoTHR 


Myosin light chain 2 (MLC2) 


M22815 


154 
280 


T 
G 


c 

A 








406 


G 


T 


ARGtoSER 


Adenylate kinase 3 


AB021870 


530 


A 


G 


GLUtoGLY 


Novel gene fragment, 89 bp 
(93% SI to human putative 
glialblastoma cell 
differentiation-related protein 
(GBDR1)(AF068195)) 


a T?f\£o i nc 

Ar068195 


1193 


C, 

G 


A 
T 




Thymosin beta-4 


M17733 


21 
62 
161 


G 
C 
A 


A 
T 

c 




Bcl-x 


U72398 


340 


A 


G 


ILEtoVAL 


Novel gene fragjtient, 593 bp 
(90% SI to human caicineurin 
B-like protein (Z08983)) 


Z08983 (from 
patent 
database) 


571 
675 


C 
C 


T 
T 


KStoTYR 


Ribophorin I 


Y00281 


560 
1343 


A 
T 


G 

c 








1520 


C 


A 


PHE to LEU, 






2182 


T 


c 





79 



WO 01/63279 PCT/US01/05693 

The invention also provides a method of identifying a base occupying a polymorphic site 
in a nucleic acid. The method includes determining the nucleotide sequence of a nucleic acid 
that is obtained from a subject. The nucleotide sequence is compared to a reference sequence. 
Difference in the nucleotide sequence in the test sequence relative to the reference sequence 
5 indicates a polymorphic site in the nucleic acid. 

Polymorphisms are detected in a target nucleic acid from an individual, e.g., a mammal, 
human or rodent (such as mouse or rat) being analyzed. For assay of genomic DNA, virtually 
any biological sample (other than pure red blood cells) is suitable. For example, convenient 
tissue samples include whole blood, semen, saliva, tears, urine, fecal material, sweat, buccal, skin 
1 0 and hair. For assay of cDN A or mRNA, the tissue sample must be obtained from an organ in 
which the target nucleic acid is expressed. 

The detection of polymorphisms in specific DNA sequences, can be accomplished by a 
variety of methods including, e.g., restriction-fragment-length-polymorphism detection based on 
allele-specific restriction-endonuclease cleavage (Kan and Dozy Lancet ii:910-912 (1978)), 

15 hybridization with allele-specific oligonucleotide probes (Wallace et al. Nucl. Acids Res. 

6:3543-3557 (1978)), including immobilized oligonucleotides (Saiki et al. Proc. Natl. Acad. 
SCI. USA, 86:6230-6234 (1969)) or oligonucleotide arrays (Maskos and Southern Nucl. Acids 
Res 21 .-2269-2270 (1993)), allele-specific PGR (Newton et al. Nucl Acids Res 17:2503-_2516 
(1989)), mismatch-repair detection (MRD) (Faham and Cox Genome Res 5:474-482 (1995)), 

20 binding of MutS protein (Wagner et al. Nucl Acids Res 23:3944-3948 (1995), denaturing- 
gradient gel electrophoresis (DGGE) (Fisher and Lerman et al. Proc. Natl Acad. Sci. U.S.A. 
80:15794 583 (1983)), single-strand-conformation-polymorphism detection (Oritaet al. 
Genomics 5:874-879 (1983)), RNAase cleavage at mismatched base-pairs (Myers et al. Science 
230:1242 (1985)), chemical (Cotton etal. Proc. Natl. wSci. U.S.A, 8Z4397-4401 (1988)) or 

25 enzymatic (Youil et al. Proc. Natl. Acad. Sci. U.S.A. 92:87-91 (1995)) cleavage of 

heteroduplex DNA, methods based on allele specific primerextension (Syvanen et al. Genomics 
8:684-692 (1990)), genetic bit analysis (GBA) (Nikiforov et al. &&I Acids 22:4167-4175 
(1994)), the oligonucleotide-ligation assay (OLA) (Landegren et al. Science_241 :1077 (1988)), 
the allele-specific ligation chain reaction (LCR) (Barrany Proc. Natl. Acad. Sci. U.S.A. 

30 88:189-1 93 (1991)), gap-LCR (Abravaya et al. Nucl Acids Res 23:675-682 (1995)), radioactive 
and/or fluorescent DNA sequencing using standard procedures well known in the art, and peptide 
nucleic acid (PNA) assays (Orum et al., Nucl. Acids Res, 21:5332-5356 (1993); Thiede etal., 
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Nucl. Acids Res . 24:983-984 (1996)). 

For the purposes of identifying single nucleotide polymorphisms, "Specific 
hybridization" or "selective hybridization" refers to the binding, or duplexing, of a nucleic acid 
molecule only to a second particular nucleotide sequence to which the nucleic acid is 
5 complementary, under suitably stringent conditions when that sequence is present in a complex 
mixture (e.g., total cellular DNA or RNA). "Stringent conditions" are conditions under which a 
probe will hybridize to its target subsequence, but to no other sequences. Stringent conditions are 
sequence-dependent and are different in different circumstances. Longer sequences hybridize 
specifically at higher temperatures than shorter ones. Generally, stringent conditions are selected 

1 0 such that the temperature is about 5°C lower than the thermal melting point (Tm) for the specific 
sequence to which hybridization is intended to occur at a defined ionic strength and pH. The Tm 
is the temperature (under defined ionic strength, pH, and nucleic acid concentration) at which 
50% of the target sequence hybridizes to the complementary probe at equilibrium. Typically, 
stringent conditions include a salt concentration of at least about 0.01 to about 1 .0 M Na ion 

15 concentration (or other salts), at pH 7.0 to 8.3. The temperature is at least about 30°C for short 
probes (e.g., 10 to 50 nucleotides) . Stringent conditions can also be achieved with the addition 
of destabilizing agents such as formamide. For example, conditions of 5X SSPE (750 mM NaCl, 
50 mM NaPhosphate, 5 mM EDTA, pH 7.4) and a temperature of 25-30°C are suitable for allele- 
specific probe hybridizations. 

20 "Complementary" or "target" nucleic acid sequences refer to those nucleic acid sequences 

which selectively hybridize to a nucleic acid probe. Proper annealing conditions depend, for 
example, upon a probe's length, base composition, and the number of mismatches and their 
position on the probe, and must often be determined empirically. For discussions of nucleic acid 
probe design and annealing conditions, see, for example, Sambrook et al., or Current Protocols in 

25 Molecular Biology, F. Ausubel et al., ed., Greene Publishing and Wiley-Interscience, New York 
(1987). 

Many of the methods described above require amplification of DNA from target samples. 
This can be accomplished by e.g., PCR. See generally, PCR Technology: Principles and 
Applications for DNA Amplification (ed. H. A. Erlich, Freeman Press, N.Y., N.Y., 1992); PCR 
30 Protocols: A Guide to Methods and Applications (eds. Innis, et al, Academic Press, San Diego, 
Calif., 1990); Mattila et al, Nucleic Acids Res. 19, 4967 (1991); Eckert et al, PCR Methods and 
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Applications 1, 17 (1991); PCR (eds. McPherson et ai, IRL Press, Oxford); and U.S. Pat. No. 
4,683,202 (each of which is incorporated by reference for all purposes). 



Other suitable amplification methods include the ligase chain reaction (LCR), (See Wu 
and Wallace, Genomics 4, 560 (1989), Landegren et aL, Science 241, 1077 (1988)), 
5 transcription amplification (Kwoh et al 9 Proc. Natl. Acad. Sci. USA 86, 1 173 (1 989)), and self- 
sustained sequence replication (Guatelli etal, Proc. Nat. Acad. Sci. USA, 87, 1874 (1990)) and 
nucleic acid based sequence amplification (NASBA). The latter two amplification methods 
involve isothermal reactions based on isothermal transcription, which produce both single 
stranded RNA (ssRNA) and double stranded DNA (dsDNA) as the amplification products in a 
1 0 ratio of about 3 0 or 1 00 to 1 , respectively. 

The invention also provides a method of selecting an individualized therapeutic agent for 
treating a serotonin modulating agent associated pathology, e.g., valvular heart disease, 
pulmonary hypertension, in a subject using CARDIOTOX polymorphisms. The therapeutic 
agent can be identified by providing a nucleic acid sample from the subject, determining the 

1 5 nucleotide sequence of at least a portion of one or more of the CARDIOTOX 1-210 and 
comparing the CARDIOTOX nucleotide sequence in the subject to the corresponding 
CARDIOTOX nucleic acid sequence in a reference nucleic acid sample. The reference nucleic 
acid sample is obtained from a reference individual (who is preferably as similar to the test 
subject as possible), whose responsiveness to the agent for treating the serotonin modulating 

20 agent associated pathology is known. The presence of the same sequence in the test and 

reference nucleic acid sample indicates the subject will demonstrate the same responsiveness to 
the agent as the reference individual, while the presence of a different sequence indicates the 
subject will have a different response to the therapeutic agent. 

Similarly, the CARDIOTOX-associated sequence polymorphisms can be used to predict 
25 the outcome of treatment for a serotonin modulating agent associated pathology, e.g., valvular 
heart disease, pulmonary hypertension, in a subject. A region of a CARDIOTOX nucleic acid 
sequence from the subject is compared to the corresponding CARDIOTOX sequence in a 
reference individual whose outcome in response to the treatment for the serotonin modulating 
agent associated pathology is known. A similarity in the CARDIOTOX sequence in the test 
30 subject as compared to the sequence in the reference individual suggests the outcome in the 
subject will be the same as that of the reference individual. An altered CARDIOTOX sequence 
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in the test and reference individual indicates the outcome of treatment will differ in the subject 
and reference individuals. 



Other Embodiments 

It is to be understood that while the invention has been described in conjunction with the 
detailed description thereof, the foregoing description is intended to illustrate and not limit the 
scope of the invention, which is defined by the scope of the appended claims. Other aspects, 
advantages, and modifications are within the scope of the following claims. 
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What is claimed is: 

1 . A method of screening a test agent for cardiotoxicity, the method comprising; 

(a) providing a test cell population comprising a cell capable of expressing 
5 one or more nucleic acid sequences selected from the group consisting of 

CARDIOTOX: 1-209 and 210; 

(b) contacting the test cell population with a test agent; 

(c) measuring expression of one or more of the nucleic acid sequences in the 
test cell population; 

1 0 (d) comparing the expression of the nucleic acid sequences in the test cell 

population to the expression of the nucleic acid sequences in a reference cell 
population comprising at least one cell whose exposure status to a cardiotoxic 
agent is known; and 

(e) identifying a difference in expression levels of the CARDIOTOX 
15 sequence, if present, in the test cell population and reference cell population, 

thereby screening said test agent for cardiotoxicity. 

2. The method of claim 1, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 1-57 and 58. 

20 

3. The method of claim 2, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 1-43 and 44. 

4. The method of claim 2, wherein the method comprises comparing the expression of one 
25 or more genes selected from the group consisting of CARDIOTOX 45-57 and 58. 

5. The method of claim 2, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 19 -43 and 44. 
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6. The method of claim 1 , wherein the method comprises comparing the expression of 40 or 
more of the nucleic acid sequences. 

7. The method of claim 1 , wherein the expression of the nucleic acid sequences in the test 
5 cell population is decreased as compared to the reference cell population. 

8. The method of claim 1, wherein the expression of the nucleic acid sequences in the test 
qell population is increased as compared to the reference cell population. 

10 9. The method of claim 1 , wherein the test cell population is provided in vitro. 

10. The method of claim 1, wherein the test cell population is provided ex vivo from a 
mammalian subject. 

15 11. The method of claim 1 , wherein the test cell population is provided in vivo in a 
mammalian subject. 

1 2. The method of claim 1 , wherein the test cell population is derived from a human or 
rodent subject. 

20 

13. The method of claim 1, wherein the test cell population includes a heart cell. 

14. The method of claim 1, wherein said test agent is a serotonin modulating agent. 

25 15. The method of claim 14, wherein the serotonin modulating agent is a serotonin reuptake 
inhibitor. 
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16. The method of claim 1, wherein the cardiotoxic agent is a dexfenfluramine of 
fenfluramime. 



1 7. The method of claim 1 , wherein cardiotoxic agent is dihydroergotamine. 

5 

1 8. A method of assessing the cardiotoxicity of a test agent in a subject, the method 
comprising: 

(a) providing from the subject a test cell population comprising a cell capable 
of expressing one or more nucleic acid sequences selected from the group 

10 consisting of CARDIOTOX: 1-209 and 210; 

(b) contacting the test cell population with a test agent; 

(c) measuring expression of one or more of the nucleic acid sequences in the 
test cell population; and 

(d) comparing the expression of the nucleic acid sequences in the test cell 
15 population to the expression of the nucleic acid sequences in a reference cell 

population comprising at least one cell whose exposure status to a cardiotoxic 
agent is known; 

(e) identifying a difference in expression levels of the nucleic acid sequences, 
if present, in the test cell population and the reference cell population, 

20 thereby assessing the cardiotoxicity of the test agent in the subject. 

19. The method of claim 1 8, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 1-57 and 58. 

25 20. The method of claim 1 9, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 1-43 and 44. 

21. The method of claim 19, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 45-57 and 58. ' 
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22. The method of claim 1 9, wherein the method comprises comparing the expression of one 
or more genes selected from the group consisting of CARDIOTOX 19 -43 and 44. 

23. The method of claim 18, wherein the expression of the nucleic acid sequences in the test 
cell population is decreased as compared to the reference cell population. 

24. The method of claim 1 8, wherein the expression of the nucleic acid sequences in the test 
cell population is increased as compared to the reference cell population. 

25. The method of claim 18, wherein said subject is a human or rodent. 

26. The method of claim 18, wherein the test cell population is provided ex vivo from said 
subject. 

27. The method of claim 1 8, wherein the test cell population is provided in vivo from said 
subject. 

28. A method of identifying serotonin modulating agent, the method comprising; 

(a) providing a test cell population comprising a cell capable of expressing 
one or more nucleic acid sequences selected from the group consisting of 
CARDIOTOX 1-209 and 210; 

(b) contacting the test cell population with a test agent; 

(c) measuring expression of one or more of the nucleic acid sequences in the 
test cell population; 

(d) comparing the expression of the nucleic acid sequences in the test cell 
population to the expression of the nucleic acid sequences in a reference cell 
population comprising at least one cell whose serotonin modulating agent 
expression status is known; and 
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(e) identifying a difference in expression levels of the CARDIOTOX 
sequence, if present, in the test cell population and reference cell population, 

thereby identifying a serotonin modulating agent 

5 29. The method of claim 28, wherein the method comprises comparing the expression of five 
or more of the nucleic acid sequences. 

30. The method of claim 28, wherein the method comprises comparing the expression of 20 
or more of the nucleic acid sequences. 

10 

3 1 . The method of claim 28, wherein the method comprises comparing the expression of 25 
or more of the nucleic acid sequences. 

32. The method of claim 28, wherein the method further comprises comparing the expression 
15 of at least one nucleic acid sequences selected from the group consisting of ADIPO 58- 

109 and 110. 



33. The method of claim 28, wherein the expression of the nucleic acid sequences in the test 
cell population is decreased as compared to the reference cell population. 

20 

34. The method of claim 28, wherein the expression of the nucleic acid sequences in the test 
cell population is increased as compared to the reference cell population. 

35. The method of claim 28, wherein the test cell population is provided in vitro. 

25 

36. The method of claim 28, wherein the test cell population is provided ex vivo from a 
mammalian subject. 
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37. The method of claim 28, wherein the test cell is provided in vivo in a mammalian subject. 



38. The method of claim 28, wherein the test cell population is derived from a human or 
rodent subject. 

39. The method of claim 28, wherein the test cell includes a heart cell. 

40. A serotonin modulating agent identified according to the method of claim 28. 

41 . A pharmaceuticaJ composition comprising the serotonin modulating agent of claim 40. 

42. A method of identifying a base occupying a polymorphic site in a nucleic acid, the 
method comprising: 

(a) obtaining a nucleic acid from a subject; 

(b) determining at least one portion of a region of nucleotide sequence 
corresponding to a contiguous region of any one CARDIOTOX nucleotide 
sequence listed in Table 1 ; 

(c) comparing the determined nucleotide sequence to a reference sequence of 
the nucleic acid; and 

(d) identifying a difference in the determined nucleic acid sequence relative to 
the reference sequence, 

wherein a difference in the determined nucleic acid sequence indicates a 
polymorphic site in the nucleic acid. 

43 . The method of claim 42, wherein the subject suffers from or is at risk for, a 
pathophysiology associated with a serotonin modulator. 



89 



WO 01/63279 PCT/US01/05693 
44. The method of claim 43, wherein the pathophysiology associated with a serotonin 

modulator is cardiac valvuopathy, coronary vasospasm, valvular fibrosis or peripheral 
fibrosis 



5 45. The method of claim 42, wherein the presence of the polymorphic site is correlated with 
the presence of the pathophysiology associated with the serotonin mediated pathway. 

46. The method of claim 42, wherein the nucleic acid is genomic DNA. 

1 0 47. The method of claim 42, wherein the nucleic acid is cDNA. 



48. A nucleic acid sequence 20-100 nucleotides in length comprising the polymorphic site 
identified in the method of claim 42. 



1 5 49. The method of claim 42, wherein the nucleic acid is obtained from a plurality of subjects, 
and a base occupying one of the polymorphic sites is determined in each of the subjects. 

50. The method of claim 42, wherein the subject is a human or rodent. 

20 51. An isolated nucleic acid comprising a nucleic acid sequence selected from the group 

consisting of aCARDIOTOX :l-7, 10-13, 19-34,45^53, 58-85, 111-113, 120, 130, 132- 
134 and 138 nucleic acid, or its complement. 

52. A vector comprising the nucleic acid of claim 5 1 . 

25 

53 . A cell comprising the vector of claim 52. 

54. A pharmaceutical composition comprising the nucleic acid of claim 5 1 . 
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55. A polypeptide encoded by the nucleic acid of claim 5 1 . 



56. A kit which detects two or more of the nucleic acid sequences selected from the group 
5 consisting of CARDIOTOX: 1-209 and 210. 



57. An array which detects one or more of the nucleic acid selected from the group consisting 
of CARDIOTOX: 1-209 and 210. 



10 58. A plurality of nucleic acid comprising one or more of the nucleic acid selected from the 
group consisting of CARDIOTOX: 1-209 and 210. 
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